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Description 

[0001] The present invention relates to the production o1 antibodies. More particularly, it relates to the production ot 
antibodies with increased human characteristics over a parent antibody specific for the same antigen. 

5 [0002] Many rodent monoclonal antibodies have been isolated using hybridoma technology and utilised for in vivo 
therapeutic and diagnostic purposes in humans . For example, an early application of these mouse monoclonal anti- 
bodies was as targeting agents to kill or image tumours (F.H. Deland and D.M. Goldenberg 1982 in 'Radionuclide 
Imaging' ed. D.E. Kuhl pp289-297, Pergamon, Paris; R. Levy and R.A. Miller Ann. Rev. Med. 1983,34 ppl07-116). 
However, the use of such antibodies in vivo can lead to problems. The foreign immunoglobulins can elicit an anti- 

io globulin response (known as a human anti-mouse antibody (HAMA) response) which can interfere with therapy ( R.A. 
Miller et al, 1983 Blood 62 988-995) or cause allergic or immune complex hypersensitivity (B. Ratner, 1943, Allergy, 
Anaphylaxis and Immunotherapy Williams and Wilkins, Baltimore). 

[0003] To overcome these problems, Winter and colleagues (GB2188638B) developed a method of humanising or 
"reshaping 1 such antibodies. The complementarity determining regions (CDRs) of the mouse antibody, which comprise 

is the antigen combining site, are inserted into human framework regions thereby generating antibodies in which only 
the CDR sequences are derived from the original mouse antibody. This is the technique known as "CDR-grafting" or 
"CDR-imprinting". One such reshaped antibody CAMPATH-1 (L-. Riechmann et al, 1988 Nature 332, pp323-327 has 
been used successfully in the treatment of B cell lymphoma (G. Hale et al, 1 988 Lancet 2, pp1 394-1 399) and vasculitis 
(P. W. Mathieson et al New Engl. J. Med. 1 990 323, pp250-254) and rheumatoid arthritis (V Kyle et al 1 991 J. Rheumatol. 

20 18, pp1737-1738). This has prompted the humanisation of a large number of antibodies for therapeutic purposes 
directed against cancer markers, for example the interleukin 2 receptor (C. Queen et al, 1989 Proc. Natl. Acad. Sci. 
USA, 86, pp1 0029-1 0033); epidermal growth factor receptor (C.A. Kettleborough et al 1 991 Protein Eng. 4, pp773-783; 
P.Carter et al 1992 Proc. Natl. Acad. Sci. USA 89, pp4285-4289) and carcinoembryonic antigen ( K.Bosslet et al. Brit. 
J. Cancer 65, pp234-238, 1 992). A number of antibodies directed against infectious viruses have also been humanised, 

25 for instance antibodies directed against respiratory syncytial virus ( P.R. Tempest et al, 1991 Bio/ Technology 9, 
pp266-271); herpes simplex virus (M.S. Co et al 1991 Proc. Natl. Acad. Sci. USA 88, pp2869-2873) and human im- 
munodeficiency virus (H. Maeda et al 1 991 Human Antibodies and Hybridomas 2, pp124-134). Humanised antibodies 
have also been used for imaging tumours after labelling with radioisotopes (V. Hird et al, 1991 Brit. J. Cancer 64 
911-914). 

30 [0004] Successful reshaping depends on the rodent and human framework regions being structurally conserved 
both in the orientation of the beta-sheets of each domain and in the packing of the heavy and light chains together; 
the hypervariable loops making the majority of contacts with antigen and the loops being supported in a similar way 
by the underlying beta-sheet framework. Although these conditions are likely to be true for some antibodies, the res- 
titution of key contacts between the loops and the framework has proved necessary in others, and has been assisted 

35 by molecular modelling (Riechmann et al, 1 988 supra; Tempest et al, 1 991 supra) and systematic matching of rodent 
and human framework regions to minimise differences in primary sequences (Queen et al, 1 989 supra; Gorman et al, 
1 991 supra; Maeda et al supra). Studies have shown that there are a number of residues in the 'Vernier' zone underlying 
the CDRs of both heavy and light chain variable domains which may adjust CDR structure and fine tune to fit the 
antigen and thus have a strong effect on affinity and specificity (J.Foote and G. Winter 1 992 J. Mol. Biol. 224 487-499). 

40 A variation of this approach is to transfer the mouse CDRs onto a chimaeric human/mouse framework in which the 
buried amino acid residues are derived from the mouse antibody and the exposed amino acids are derived from ho- 
mologous human frameworks (E.A. Padlan et al 1991 Mol. Immunol. 28, 485-498). 

[0005] The process of CDR grafting involves the transfer of the antigen binding site from a non-human (animal) 
antibody to the human antibody. In most cases all three CDRs from both heavy and light chains have been transplanted 

^5 from the animal antibody to a single human framework. It is expected that it should not always be necessary to transplant 
all the CDRs, as some CDRs may not be involved in binding to antigen, and CDRs with different sequences (and the 
same length) can have the same folding (and therefore contacts from antigen to the main chain contacts could be 
retained despite the different sequences). Indeed single domains (Ward et al, 1989, Nature 341, pp.544-546) or even 
single CDRs (R. Taub et al, 1989, J. Biol Chem 264, pp.259-265) can have antigen binding activities alone. However, 

50 whether all or only some of the CDRs are transplanted, the intention of CDR grafting is to transplant the same, or much 
the same antigen binding site, from animal to human antibodies. 

[0006] Structurally, the simplest antibody (IgG) comprises four polypeptide chains, two heavy (H) chains and two 
light (L) chains inter-connected by disulphide bonds (see figure 1 ). The light chains exist in two distinct forms called 
kappa (K) and lambda (X). Each chain has a constant region (C) and a variable region (V). Each chain is organized 
55 into a series of domains. The light chains have two domains, corresponding to the C region and the other to the V 
region. The heavy chains have four domains, one corresponding to the V region and three domains (1 ,2 and 3) in the 
C region. The antibody has two arms (each arm being a Fab region), each of which has a VL and a VH region associated 
with each other. It is this pair of V regions (VL and VH) that differ from one antibody to another (owing to amino acid 
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sequence variations), and which together are responsible for recognising the antigen and providing an antigen binding 
site (ABS). In even more detail, each V region is made up from three complementarity determining regions (CDR) 
separated by four framework regions (FR). The CDR's are the most variable part of the variable regions, and they 
perform critical antigen binding function. The CDR regions are derived from many potential germ line sequences via 

5 a complex process involving recombination, mutation and selection. 

[0007] It has been shown that the function of binding antigens can be performed by fragments of a whole antibody 
Example binding fragments are (i) the Fab fragment consisting of the VL, VH, CL and CHI domains; (ii) the Fd fragment 
consisting of the VH and CH1 domains; (iii) the Fv fragment consisting of the VL and VH domains of a single arm of 
an antibody, (iv) the dAb fragment (Ward, E.S. et al., Nature 341 , 544-546 (1989) which consists of a VH domain; (v) 

10 isolated CDR regions; and (vi) F(ab') 2 fragments, a bivalent fragment comprising two Fab fragments linked by a disul- 
phide bridge at the hinge region. 

[0008] Although the two domains of the Fv fragment are coded for by separate genes, it has proved possible to make 
a synthetic linker that enables them to be made as a single protein chain (known as single chain Fv (scFv); Bird, R.E. 
et al., Science 242, 423-426 (1988) Huston, J.S. et al., Proc. Natl. Acad. Sci., USA 85, 5879-5883 (1988)) by recom- 
75 binant methods. 

[0009] Experience with human isation of monoclonal antibodies has shown that these molecules can be of great 
value in therapy and diagnosis. However, there is a requirement to be able to monitor a number of humanised antibody 
derivative molecules to obtain one which retains or improves on the original characteristics of the mouse 5 monoclonals. 
Further there is a requirement to generate such molecules by a rapid and convenient procedure. 

20 

TERMINOLOGY 

[0010] Much of the terminology discussed in this section has been mentioned in the text where appropriate. 

25 Replicable Genetic Display Package (Rgdp) 

[0011] This describes a biological particle which has genetic information providing the particle with the ability to 
replicate. The particle can display on its surface at least part of a polypeptide. The polypeptide can be encoded by 
genetic information native to the particle and/or artificially placed into the particle or an ancestor of it. The displayed 
30 polypeptide may be any member of a specific binding pair eg. heavy or light chain domains based on an immunoglobulin 
molecule, an enzyme or a receptor etc. 

[0012] The particle may be a virus eg. a bacteriophage such as fd or M1 3. 
Package 

35 

[001 3] This describes a replicable genetic display package in which the particle is displaying a member of a specific 
binding pair at its surface. The package may be a bacteriophage which displays an antigen binding domain at its 
surface. This type of package has been called a phage antibody (pAb). 

40 Antibody 

[0014] This describes an immunoglobulin whether natural or partly or wholly synthetically produced. These proteins 
can be derived from natural sources, or partly or wholly synthetically produced. 

[0015] Example antibodies are the immunoglobulin isotypes and the Fab, F(ab 1 ) 2 , scFv, Fv, dAb, Fd fragments. 

45 

Antibody Polypeptide Dimer 

[0016] An antibody polypeptide dimer is an association of two polypeptide chain components of an antibody, capable 
of binding an antigen. Thus, it may be one arm of an antibody consisting of a heavy chain and a light chain, it may be 
50 a Fab fragment consisting of V L , V H , C L and C H I antibody domains, an Fv fragment consisting of a V L domain and a 
V H domain, or a scFv ("single chain Fv") fragment consisting of a V L domain linked to a V H domain by a synthetic linker. 
An scFv fragment is a single polypeptide chain that falls within a definition of an "antibody polypeptide dimer' because 
it consists of two polypeptide chain components of an antibody, associated by means of the synthetic linker, and is 
capable of binding an antigen. 

55 

Immunoglobulin Superfamily 

[0017] This describes a family of polypeptides, the members of which have at least one domain with a structure 
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related to that of the variable or constant domain of immunoglobulin molecules. The domain contains two p-sheets and 
usually a conserved disulphide bond (see A.F. Williams and A.N. Barclay 1988 Ann. Rev Immunol. 6 381-405). 
[001 8] Example members of an immunoglobulin superf amily are CD4, platelet derived growth factor receptor (PDG- 
FR), intercellular adhesion molecule. (ICAM). Except where the context otherwise dictates, reference to immunoglob- 
s ulins and immunoglobulin homologs in this application includes members of the immunoglobulin superfamily and ho- 
mologs thereof. 

Homologs 

10 [0019] This term indicates polypeptides having the same or conserved residues at a corresponding position in their 
primary, secondary or tertiary structure. The term also extends to two or more nucleotide sequences encoding the 
homologous polypeptides. 

[0020] Example homologous peptides are the immunoglobulin isotypes. 

is Genetically diverse population 

[0021] In connection with antibodies or polypeptide components thereof, this is referring not only to diversity that can 
exist in the natural population of cells or organisms, but also diversity that can be created by artificial mutation in vitro 
or in vivo. 

20 [0022] Mutation in vitro may for example, involve random mutagenesis using oligonucleotides having random mu- 
tations of the sequence desired to be varied. In vivo mutagenesis may for example, use mutator strains of host micro- 
organisms to harbour the DNA (see Example 38 of WO 92/01047). The words "unique population" may be used to 
denote a plurality of e.g. polypeptide chains, which are not genetically diverse i.e. they are all the same. A restricted 
population is one which is diverse but less so than the full repertoire of an animal. The diversity may have been reduced 

25 by prior selection, eg using antigen binding specificity. 

Domain 

[0023] A domain is a part of a protein that is folded within itself and independently of other parts of the same protein 
30 and independently of a complementary binding member. 

Folded Unit 

[0024] This is a specific combination of an alpha-helix and/or beta-strand and/or beta-turn structure. Domains and 
35 folded units contain structures that bring together amino acids that are not adjacent in the primary structure. 

Free Form 

[0025] This describes the state of a polypeptide which is not displayed by a replicable genetic display package. 

40 

Conditionally Defective 

[0026] This describes a gene which does not express a particular polypeptide under one set of conditions, but ex- 
presses it under another set of conditions. An example, is a gene containing an amber mutation expressed in non- 
45 suppressing or suppressing hosts respectively. 

[0027] Alternatively, a gene may express a protein which is defective under one set of conditions, but not under 
another set. An example is a gene with a temperature sensitive mutation. 

Suppressive Translational Stop Codon 

50 

[0028] This describes a codon which allows the translation of nucleotide sequences downstream of the codon under 
one set of conditions, but under another set of conditions translation ends at the codon. Example of suppressible 
translational stop codons are the amber, ochre and opal codons. 

55 Mutator Strain 

[0029] This is a host cell which has a genetic defect which causes DNA replicated within it to be mutated with respect 
to its parent DNA. Example mutator strains are NR9046mutD5 and NR9046 mut T1 (See Example 38 of WO 92/01 047). 
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Helper Phage 

[0030] This is a phage which is used to infect ceils containing a defective phage genome and which functions to 
complement the defect. The defective phage genome can be a phagemid or a phage with some function encoding 
s gene sequences removed. Examples of helper phages are M1 3K07, M1 3K07 gene H! no. 3; and phage displaying or 
encoding a binding molecule fused to a capsid protein. 

Vector 

10 [0031] This is a DNA molecule, capable of replication in a host organism, into which a gene is inserted to construct 
a recombinant DNA molecule. 

Phage Vector 

is [0032] This is a vector derived by modification of a phage genome, containing an origin of replication for a bacteri- 
ophage, but not one for a plasmid. 

Phagemid Vector 

20 [0033] This is a vector derived by modification of a plasmid genome, containing an origin of replication for a bacte- 
riophage as well as the plasmid origin of replication. 

Secreted 

25 [0034] This describes a rgdp or molecule that associates with the polypeptide displayed on the rgdp, in which the 
polypeptide and/or the molecule, have been folded and the package assembled externally to the cellular cytosol. 

Repertoire of Rearranged Immunoglobulin Genes 

30 [0035] A collection of naturally occurring nucleotides eg DNA sequences which encoded expressed immunoglobulin 
genes in an animal. The sequences are generated by the in vivo rearrangement of eg V, D and J segments for H chains 
and eg the V and J segments for L chains. Alternatively the sequences may be generated from a cell line immunised 
jn vitro and in which the rearrangement in response to immunisation occurs intracellular^. The word "repertoire" is 
used to indicate genetic diversity. 

35 

Library 

[0036] A collection of nucleotide eg DNA, sequences within clones; or a genetically diverse collection of polypeptides, 
or specific binding pair members, or polypeptides or sbp members displayed on rgdps capable of selection or screening 
40 to provide an individual polypeptide or sbp members or a mixed population of polypeptides or sbp members. 

Repertoire of Artificially Rearranged Immunoglobulin Genes 

[0037] A collection of nucleotide eg DNA, sequences derived wholly or partly from a source other than the rearranged 
45 immunoglobulin sequences from an animal. This may include for example, DNA sequences encoding VH domains by 
combining unrearranged V segments with D and J segments and DNA sequences encoding VL domains by combining 
V and J segments. 

[0038] Part or all of the DNA sequences may be derived by oligonucleotide synthesis. 

50 Secretory Leader Peptide 

[0039] This is a sequence of amino acids joined to the N -terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 

55 Eluant 

[0040] This is a solution used to breakdown the linkage between two molecules. The linkage can be a non-covalent 
or covalent bond(s). The two molecules can be members of a sbp. 
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Derivative 

[0041 J This is a substance which derived from a polypeptide which is encoded by the DNA within a selected rgdp. 
The derivative polypeptide may differ from the encoded polypeptide by the addition, deletion, substitution or insertion 
5 of amino acids, or by the linkage of other molecules to the encoded polypetide. These changes may be made at the 
nucleotide or protein level. For example the encoded polypeptide may be a Fab fragment which is then linked to an 
Fc tail from another source. Alternatively markers such as enzymes, flouresceins etc may be linked to eg Fab, scFv 
fragments. 

[0042] According to one aspect of the present invention there is provided a method of producing antibody polypeptide 
10 dimers specific for an antigen of interest, the method having the following steps: 

(i) providing nucleic acid expression vectors which are capable of being packaged using a component of a replicable 
genetic display package (rgdp); 

(ii) combining (a) a genetically diverse repertoire of nucleic acid sequences which each encode a first component 
15 part of an antigen-binding site of a human antibody with (b) nucleic acid which encodes a unique or genetically 

diverse population of a second component part of an antigen-binding site of a non-human antibody known to bind 
said antigen of interest, to form a library of nucleic acid sequences on said expression vectors encoding antibody 
polypeptide dimers, which dimers each consist of a first polypeptide chain component and a second polypeptide 
chain component, a first antigen-binding site component part and a second antigen-binding site component part 
20 in combination forming an antigen-binding site of an antibody polypeptide dimer; 

(iii) expressing said library from said vectors in recombinant host organism cells, each of the said first polypeptide 
chain components being expressed as a fusion with a component of an rgdp which thereby displays said first 
polypeptide chain component at the surface of rgdps; 

(iv) selecting from said expressed library by binding with antigen a unique or restricted population of said antibody 
25 polypeptide dimers which have binding specificity for said antigen of interest, each selected antibody polypeptide 

dimer being associated in its respective rgdp with nucleic acid encoding a said first component part of the antigen- 
binding site thereof. 

[0043] Antibody polypeptide dimers are defined elsewhere in the text. The term is broad enough to encompass Fab, 

30 Fv and scFv fragments of antibodies as well as a complete arm of anantibody. 

[0044] A "component part of an antibody antigen -binding site" may be or correspond to a polypeptide chain compo- 
nent, eg a VH or a VL domain. However, it may be a CDR, or a VL sequence plus CDR of a VH, a VH sequence plus 
CDR of a VL, a VH plus VL sequence lacking only a CDR, and so on. The proviso is that the first and second component 
parts of an antigen-binding site of an antibody must in combination (together) form an antigen-binding site. Thus, if the 

35 second component part of an antigen-binding site of a non-human antibody specific for an antigen of interest is a CDR, 
then the first component part of an antigen-binding site of a human antibody will comprise the remainder of a VH and 
VL region required to form a antigen-binding site (with or without associated antibody constant domains (in a Fab 
format), or with or without a linker peptide sequence (in a Fv format). (In a scFv format a linker peptide links a light 
chain domain to a heavy chain domain. ) The second component part of an antigen-binding site of a non-human antibody 

40 may comprise a VL domain plus part of a VH domain, that part being one or more CDRs.for instance, perhaps CDR3. 
In such case, the first component part of an antigen-binding site of a human antibody would comprise the remainder 
of a VH sequence which in combination with the second component part forms an antigen-binding site. Of course, the 
converse situation holds and the person skilled in the art will be able to envisage other combinations of first and second 
component parts which together form an antigen-binding site. 

45 [0045] There may be an additional step (v) wherein antibody polypeptide dimers selected in step (iv) are modified 
to remove or reduce non-human characteristics. This modification may be by genetically altering the dimers or a com- 
ponent thereof. This genetic alteration may be mutation, point mutation, insertion or deletion, for instance, specifically 
to remove or mask non-human residues, particularly those residues which might invoke an anti-idiotypic immune re- 
sponse upon administration of the non-human/human hybrid antibody polypeptide dimers to a human. 

so [0046] The modification of step (v) may comprise: 

(a) combining a unique or restricted population of nucleic acid encoding said first antigen-binding site component 
parts selected in step (iv) with a genetically diverse repertoire of nucleic acid sequences each encoding a second 
component part of an antigen-binding site of human antibody, to form a second library of nucleic acid sequences 
55 encoding antibody polypeptide dimers, each antibody polypeptide dimer comprising a second antibody polypeptide 

chain component which is expressed from nucleic acid which is capable of being packaged using a component of 
an rgdp, said second chain component being expressed as a fusion with a component of an rgdp which thereby 
display it at the surface of rgdps, so that antibody polypeptide dimers specific for said antigen of interest, are 
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selectable from said second library by binding with said antigen of interest, each antibody polypeptide dimer being 
associated in its rgdp with nucleic acid encoding a second polypeptide component thereof. 

[0047] Selected antibody polypeptide dimers may be expressed as soluble polypeptides or in free form. 
5 [0048] As explained, said second component part of an antigen-binding site of a non-human antibody may be an 
antibody region which makes contact with antigen, that region perhaps being a complementarity determining region 
(CDR). 

[0049] Said second component part of an antigen-binding site of a non-human antibody may be a second polypeptide 
chain component of an antibody. 
10 [0050] The sequence encoding each said second component part of non-human antibody may be genetically altered 
to increase its homology to a second component part of a human antibody prior to said combination in step (ii) of the 
method. 

[0051] Each antibody polypeptide dimer of any of said libraries of antibody polypeptide dimers may be expressed 
as a single polypeptide chain, which could be a scFv fragment (preferably). An scFv fragment meets the requirements 

is of the definition of an antibody polypeptide dimer. 

[0052] On the other hand, each antibody polypeptide dimer of any of said libraries of antibody polypeptide dimers 
may be expressed as two polypeptide chains, preferably as a Fv or a Fab fragment, but also perhaps as polypeptides 
with additional, non-antibody domains which will interact, either covalently or non-covalently, to hold the variable do- 
mains in a conformation which allows them to form an antigen-binding site. 

20 [0053] According to an aspect of the present invention there is provided a method of producing human antibody 
polypeptide dimers specific for an antigen of interest, comprising 

(i) combining a diverse population of polypeptides each comprising a variable domain of a first polypeptide chain 
of a human antibody (population A) with a unique or restricted population of polypeptides each comprising a variable 

25 domain of a second polypeptide chain of a non-human antibody specific for said antigen (population B), thereby 

forming a library of antibody polypeptide dimers each consisting of a polypeptide which comprises a variable do- 
main of a first polypeptide chain of a human antibody and a polypeptide which comprises a variable domain of a 
second polypeptide chain of a non-human antibody; 

(ii) selecting from said library a unique or restricted population of said antibody polypeptide dimers which have 
30 binding specificity for said antigen (population C); 

(iii) combining a unique or restricted population of polypeptides derived from polypeptide dimers selected in step 
(ii) each comprising a human first polypeptide chain (population D) with a diverse population of polypeptides each 
comprising a variable domain of a second polypeptide chain of a human antibody (population E), thereby forming 
a library of human antibody polypeptide chain dimers from which a unique or restricted population of human anti- 

35 body polypeptide dimers specific for said antigen (population F) are selectable. 

[0054] In a preferred embodiment of this aspect: 

(a) said polypeptides of population A are each expressed from a vector (X) in recombinant host organism cells as 
40 a fusion with a component of a replicable genetic display package (rgdp) which thereby displays said polypeptide 

at the surface of rgdps in a first population of rgdps; 

(b) nucleic acid of said vector (X) is capable of being packaged using said rgdp component, whereby the genetic 
material of each said rgdp encodes a said polypeptide of population A, so that the antibody polypeptide dimers of 
population C are each associated in their respective rgdp with nucleic acid encoding a polypeptide comprising a 

45 variable domain of a first polypeptide chain of a human antibody; 

(c) each of said polypeptides of population E is expressed from a vector (Y) in recombinant host organism cells 
as a fusion with a component of a rgdp which thereby displays it at the surface of rgdps in a second population of 
rgdps; and 

(d) nucleic acid of said vector (Y) is capable of being packaged using said rgdp component, whereby the genetic 
50 material of each said rgdp in the second population of rgdps encodes a said polypeptide of population E. 

[0055] Said population A may be expressed from the same vector as said population B, or these populations may 
be not expressed from the same vector. Said population D may be expressed from the same vector as said population 
E, or these populations D and E may be not expressed from the same vector. In other words, the method might be in 
55 a dual combinatorial format or not, perhaps being in a hierarchical format, as discussed elsewhere, amongst other 
possibilities. 

[0056] Each antibody polypeptide dimer of any of said libraries of antibody polypeptide dimers may be expressed 
as a single polypeptide chain, which may be a scFv fragment. 
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[0057] Each antibody polypeptide dinner of any of said libraries of antibody polypeptide dinners may be expressed 
as two polypeptide chains, preferably a Fv or Fab fragment, as discussed already above in the context of another 
aspect of the present invention. 

[0058] Polypeptides of said population B may be chimaeric, each comprising a human antibody constant domain 
5 (along with a non-human, eg. rodent, variable domain). 

[0059] The polypeptides of said population E may each comprise a region from a non-human antibody specific for 
said antigen, which region is one which makes contact with antigen, such as a complementarity determining region 
(CDR), particularly CDR3. 

[0060] Said first polypeptide chain may be antibody light chain, said second polypeptide chain being antibody heavy 
10 chain, or vice versa. 

[0061] There may be an additional step of selecting said population F of human antibody polypeptide dimers specific 
for said antigen. 

[0062] Any one of said populations C and F may be selected by binding with said antigen. 

[0063] The present invention also encompasses kits comprising vectors and reagents for use in any of the methods. 

is it further extends to libraries and antibodies or antibody fragments produced by any of the methods. Also encompassed 
by the present invention is a method wherein nucleic acid encoding any selected polypeptide components of an antibody 
polypeptide dimer, or encoding a selected antibody polypeptide dimer, is used to express said polypeptide component 
or polypeptide dimer or a derivative thereof in a recombinant host organism. Any polypeptide or dimer from a library 
produced using a method according to the present invention may be modified to produce a derivative thereof, or used 

20 to prepare a therapeutic or prophylactic medicament or a diagnostic product. 

[0064] Demonstrated here are new methods of making antibodies, by utilising sequences from the antigen binding 
site of an antibody or population of antibodies directed against an antigen of interest. This offers another means of 
humanising animal antibodies with defined antigen binding activities. Thus for a single rodent antibody, sequences 
comprising part of the antigen binding site of the antibody may be combined with diverse repertoires of sequences of 

25 human antibodies that can in combination create a complete antigen binding site. The original rodent (and human) 
sequences could comprise entire chains or parts of chains. For example the light chain of a rodent antibody could be 
combined with a repertoire of human heavy chain variable domains; or the third CDR of the heavy chain of a rodent 
antibody could be combined with a repertoire of human heavy chains encoding the rest of the heavy chain variable 
domains and a repertoire of human light chain variable domains. The antigen binding sites comprising these sequences 

30 are then selected for binding to antigen. 

[0065] The sequences comprising a component part of the antigen binding site could be a portion of primary sequence 
generally thought to be involved in antigen binding, for example a CDR or CDRs, or the residues at the tip of the loop 
of (a) CDR(s). Alternatively, the sequences could be sequences of the antibody that are known to contact the antigen, 
as determined for example from the structure of a complex of antigen and antibody solved by X-ray crystallography or 

35 NMR, or as determined from site directed mutagenesis of the antibody. 

[0066] The antigen binding sites created by this process differ from those created by CDR grafting, in that only the 
portion of sequence of the original rodent antibody is likely to make contacts with antigen in a similar manner. The 
selected human sequences are likely to differ in sequence and make alternative contacts with the antigen from those 
of the original binding site. However, the constraints imposed by binding of the portion of original sequence to antigen 

40 and the shapes of the antigen and its antigen binding sites, are likely to drive the new contacts of the human sequences 
to the same region or epitope of the antigen. We have therefore termed the process "epitope imprinted selection" (EIS). 
[0067] Starting with an animal antibody, one process results in the selection of antibodies that are partly human 
antibodies. Such antibodies may be sufficiently similar in sequence to human antibodies to be used directly in therapy 
or after alteration of a few key residues. For example, antibodies created with human heavy and light chain variable 

45 domains that also comprise the VH-CDR3 region from a rodent antibody will closely resemble genuine human anti- 
bodies as the CDR3 region of both human and rodent antibodies is highly variable. Likewise the light chains of some 
rodent antibodies are very similar in sequence to the light chains of human anitbodies. Thus antibodies created from 
these rodent light chains in combination with a repertoire of human heavy chains may closely resemble human anti- 
bodies. Sequence differences between the rodent component of the selected antibody with human sequences could 

50 be minimised by replacing those residues that differ with the residues of human sequences, for example, by site directed 
mutagenesis of individual residues, or by CDR grafting of entire loops. Instead of starting with an animal antibody, it 
should also be possible to start with an genetically engineered antibody derived from an animal antibody. The starting 
engineered antibody might for example be a CDR grafted antibody with human framework regions and mouse com- 
plementarity regions (as described in GB21B8638B, for instance). Alternatively the starting engineered antibody could 

55 comprise heavy or light chains in which residues had been altered to maximise sequence homology with human anti- 
bodies. 

[0068] However, the invention may also be used to create antibodies with entirely human sequences. For example, 
starting with a partly human antibody with human heavy chain non-human, e.g. mouse, light chain, the non-human 
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light chain could be replaced by repertoires of human light chains. In this way, the sequences of the selected antibodies 
will be entirely human and yet the antigen binding site should be directed towards the same epitope of the antigen. 
EIS therefore offers a method for making partly human or entirely human antibodies that bind to the same epitope as 
animal or partly human antibodies respectively. 

5 [0069] In CDR grafting the entire antigen binding site is transplanted, and it is usually necessary to test only one or 
a few antibodies for binding to antigen. However, EIS may use only part of the antigen binding site in combination with 
a, perhaps very large, repertoire of human sequences, when there is a requirement for the screening of a much larger 
number of antibodies. Indeed in a preferred embodiment, repertoires of antibody fragments are displayed on the surface 
of filamentous phage and the genes encoding fragments with antigen binding activities are selected by binding of the 

io phage to antigen. It was disclosed in patent application WO 92/01047 that antibody fragments can be displayed on 
phage and that they will bind antigen and that they can be selected. The ability to select antibodies provided by the 
use of display on phage as described in WO 92/01047 allows the rapid screening of large numbers of humanised 
antibody derivatives which can be generated using insertion of CDRs at restriction sites or in vitro mutagenesis tech- 
niques (Riechmann et al, 1988 supra; Patent GB2188638B) or using PCR technology (B.L Daugherty et al 1991 Nucl. 

is Acids Res. 19, pp2471-2476). In the application WO 92/01047, the generation of hierarchical libraries was described 
in which one antibody heavy or light chain variable domain was kept constant and displayed on phage with a library 
of the complementary chain variable domain for the selection of partners that bind to antigen. Such an approach gen- 
erates a highly diverse pool of heavy and light chain variable domain combinations from which antibody specificities 
can be selected. Chain shuffling has been applied, for example, to obtaining further light chain and heavy chain partners 

20 for the complementary chain of a hapten binding antibody (Clackson et al, 1991, Nature, 352, 624-628) and to build 
high affinity human antibodies (J.D. Marks et al, 1992 Bio/Technology 10, 779-783). In these cases, the new partner 
chains were highly related in sequence to those chains seen in the original combination. 

[0070] In these examples, chains of different species were not combined. However, there is a report of an attempt 
to shuffle the heavy chains of a mouse antibody directed against a hapten with a repertoire of human light chains (and 

25 also with a repertoire of mouse light chains), and screening for binding of individual clones to antigen using nitrocellulose 
filters. However, no binders were detected, nor was the process proposed as a means to "humanise" mouse antibodies 
(A.S. Kang et al, Proc. Natl. Acad. Sci. USA 1991, 88, 11120-11123). The authors concluded that the "redesign of 
antibodies through recombination of a somatically mutated chain with a naive partner may be a difficult process". The 
use of EIS (as illustrated by chain shuffling using chains from different species) therefore appears to be a novel concept. 

30 Furthermore, in view of the example from Kang et al, 1991 supra, it is surprising that antigen binding combinations can 
be produced by combining the chains from a mouse antibody with repertoires of chains from unimmunised human 
sources (as described in Example 1 below). 

[0071] There are a wide range of formats for use of methods according to the present invention. For example: 

35 (1 ) the use of Fv, single chain Fv and Fab fragments is favoured for expression in bacteria or display on filamentous 

phage (for Fab fragments see Examples 1 and 2; for scFv see Examples 3 and 4). Most preferably, the antibody 
fragments are displayed on filamentous phage, and the phages selected directly to binding to antigen. The anti- 
bodies selected by these procedures may be used directly, or fused with further coding sequences, for example 
with human constant regions to generate antibody molecules with human effector functions. The variable domains 

40 could also be fused to sequences encoding an enzyme or a toxin molecule to allow antibody directed targeting of 

drugs or toxins to particular cell types. 

(2) The repertoires of human chains may be readily provided from any of several possible repertoires of V-genes, 
for example from the rearranged V-genes of unimmunised humans (Marks et al, 1991, J. Mol. Biol. , 222, pp581 -597; 
and Example 1 ), or from immunised humans, or from synthetic V-gene repertoires. For instance, libraries of human 

45 germ line heavy and light chain V-genes may be generated with synthetic CDR3 regions incorporating human J 

regions and antibody specificities isolated (Hoogenboom and Winter, 1992, J. Mol Biol., 227, pp381-388). Further- 
more, it may be possible to use repertoires of human V-genes (for example made synthetically) which are closely 
related in sequence (perhaps the most homologous) to each of the chains of a mouse antibody. (See Example 5). 

(3) The heavy and light chains of the original antibody may be provided by their encoding V-genes (isolated for 
so example by PCR, Orlandi et al., 1 989) (Examples 1 , 2 and 3) However, it is also possible to start with a repertoire 

of mouse chains, preferably raised by immunisation (Example 4). For example, a repertoire of mouse heavy chains 
could be combined with mouse light chains and selected for binding (as in Clackson et al.,1991 supra): the selected 
repertoires of paired chains could then be recombined with repertoires of complementary human chains to force 
new pairings. Alternatively, the repertoire of mouse chains from the mRNA of an immunised mouse could simply 
55 be combined with a repertoire of complementary human chains. 

(4) It is possible to use entire heavy and light chain variable domains, as in "chain shuffling" methods or component 
parts of the chains, for example as in Marks et al, 1992 supra, by retaining the light chain and CDR3 of the heavy 
chain of an antibody (and shuffling this sequence with a repertoire of chains comprising the remainder of the heavy 
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chain variable domain CDRs 1 and 2). One embodiment of the present invention, illustrated by examples 2 and 
3, involves retaining at least one region from the original parent non-human antibody, which region contacts antigen, 
when shuffling with human chains, or component parts of human antibody antigen-binding site. This region may 
be a CDR, in which case the procedure is "CDR-imprinted selection". 

5 

[0072] Indeed, in examples 2 and 3, the CDR3 of the original mouse heavy chain was retained, and combined with 
a repertoire of human heavy chain variable domains by PCR amplification of a repertoire of human heavy chain variable 
domains with a primer incorporating the mouse CDR3. The retention of mouse VH-CDR3 may be particularly advan- 
tageous in that CDR3 of the heavy chain is often most important for antigen binding. 
10 [0073] This principle could be extended to a mouse CDR3 repertoire by amplifying the rearranged mouse VH genes 
with human JH primers (forward primers) and human VH framework 3 primers (backward primers). These primers 
would have to be designed with homology to both mouse and human V-genes. The amplified DNA repertoire of mouse 
CDR3s could then be assembled by PCR with a repertoire of human heavy chain genes. 

75 (5) The chain shuffling could be performed using two replicons, for example using a dual combinatorial procedure 

as described in Hoogenboom et al, 1991 Nucleic Acids Research, 19, pp41 33-41 37, in which the chain which is to 
be kept constant is cloned in one replicon, for instance a phage, and then combined with a repertoire of chains in 
another replicon, for instance a plasmid, as illustrated in Example 1 . Alternative methods enabling both chains to 
be cloned on the same replicon with high efficiency have also been devised. These again rely on cloning heavy 

20 and light chain genes on separate replicons, but this time with the aim of promoting recombination between two 

vectors so that both chains are placed on the same replicon. An example system is based on the lox P/Cre re- 
combinase system of coliphage P1 (Hoess and Abremski, 1 990, in "Nucleic acids and Molecular Biology", Eckstein 
and Lilley, eds. Vol 4, pp99-109, Springer- Verlag, Berlin, Heidelberg). For the dual combinatorial procedure the 
antibody may be expressed as a Fv fragment or as a Fab fragment (as in Example 1 ). In the case of a Fab fragment, 

25 the VH1CH1 portion of the heavy chain is expressed on one replicon, eg. phage, and the light chain on the other, 

eg. plasmid. The V domains of the Fab fragment to be used in the shuffling procedures as a source of new spe- 
cificities may optionally be fused to cloned human domains eg. Cyl and Ck domains. (The V-domains can also be 
fused directly to the CH1 , Ck or CX domains by amplifying directly from the human antibody mRNA repertoire.) 

30 [0074] Alternatively, the chain shuffling can be performed in a single replicon using a PCR assembly process as in 
Clackson et al, 1 991 , supra, or by sequential cloning of libraries of restriction fragments at appropriate sites which have 
been incorporated into the original constructs, for instance into the linker region of a single chain Fv. 
[0075] The present invention encompasses the replacement of both chains by two shuffle steps and in one embod- 
iment to the development of a human antibody with similar or improved characteristics to a non-human, eg. rodent, 

35 antibody. In this embodiment, the parent eg rodent antibody would be made into a "phage antibody". A phage antibody 
(pAb) is defined as a bacteriophage virus particle which displays at its surface an antibody, an antibody derivative or 
fragment, such as Fab, Fv, scFv etc, or a domain homologous to an immunoglobulin domain: see WO 92/01047. One 
chain would be replaced with a repertoire of chains derived from a human immunoglobulin repertoire, for example from 
an adult lymphocyte population or from fetal or artificially derived sources. This mixed population of phage can be 

40 selected by binding to antigen to derive a population of phage antibodies that bind to the original antigen but now 
consists of one (eg) rodent and one human antibody chain. The remaining rodent chain can be replaced by a repertoire 
of similar chains derived from a human repertoire, either the same or a different source as was used in the initial shuffle. 
After selection a population of antibodies is obtained which still binds antigen, a population consisting of antibodies 
containing two human antibody chains. Thus the original rodent antibody has been converted into a human antibody 

45 that binds the same antigen. 

[0076] The generation of a large number of humanised antibodies by methods according to the present invention 
may have advantages beyond allowing selection of antibodies of desired affinity and specificity. When humanised 
antibodies are used in humans in therapy it is possible that there may be an anti-idiotype response. The antibodies 
isolated may be surveyed for anti-idiotype response when administered in vivo and those with the lowest response 

so selected. Alternatively, one antibody may be administered therapeutically until an anti-idiotype response is detected 
at which time the antibody used is switched to a second, equally effective antibody with a different idiotype. 
[0077] Humanised antibodies which may be obtained using the present invention are likely to be better than con- 
ventional CDR-grafted humanised antibodies, in the sense that they will be less likely to invoke an anti-idiotypic re- 
sponse. 

55 [0078] The antibodies selected by the procedures of the present invention may be used directly in the single chain 
Fv or Fab format. Alternatively , the variable domains may be fused with further coding sequences, for example with 
human constant regions to generate antibody molecules with, for example, human effector functions. The variable 
domains could be fused to sequences encoding an enzyme or a toxin molecule to allow antibody directed targeting of 
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drugs or toxins to particular cell types (although if these molecules are not of human origin some of the advantages of 
humanising are lost). 

[0079] Although the isolation of antibodies by selection for binding to antigen may be performed using phage display 
at each stage, where chain shuffling is performed by PCR assembly or insertion of restriction fragments, particularly 
s when the numbers have been reduced the antibodies may be screened for antigen binding using a filter assay (A. 
Skerra et al 1991 Anal Biochem 196 151-155; M.L Dreher et al 1991 J. Immunol Methods 139 197-205; PCT/ 
GB90/01476). These procedures will be effective with a relatively small number of clones compared with the number 
which can be handled using phage display . 

[0080] Aspects and embodiments of the present invention will now be explained further by means of the following 
10 examples. These are intended to illustrate the invention without limitation. In addition to the documents mentioned 
throughout the text, attention is drawn to WO 92/01047 wherein many of the materials and methods used here were 
described. The disclosure of WO 92/01047 is herein incorporated by reference. Readers of the present document are 
urged to consult WO 92/01047 for further details and explanation of functional display of antibodies and antibody 
fragments, including antibody polypeptide dimers, on the surface of rgdps. Throughout the text there are references 
is to figures, wherein: 

[0081] Figure 1 shows the principle of Epitope Imprinted Selection. 
[0082] Figure 2 shows the polylinker region of vector pUC19-pelB-myc. (SEQ.ID NO: 126) 
[0083] Figure 3 shows results of ELISA of phage displaying Fab fragments, with one chain displayed on phage as 
a g3p fusion (indicated by fd-...), and the other chain provided as a secreted, soluble chain partner. 
20 [0084] Figure 4 shows a specificity ELISA of the original Mab32 antibody and a range of mouse (scFv-Mab32) and 
human (other scFv) antibodies. 

[0085] Figure 5 shows nucleotide and deduced amino-acid sequences of the V-genes of Mab32. The CDR-regions 
are in bold. (Heavy chain nucleotides SEQ ID NO:2; Light chain amino acids SEQ ID NO:3; Light chain nucleotides 
SEQ ID NO:4). 

25 [0086] Figure 6 shows the deduced protein sequences of V H and V L antibody genes of antibody fragments binding 
to human TNR 

[0087] (Light chains: Mab32 SEQ ID NO:110; VM-1-1 SEQ ID NO:111; VXAZ SEQ ID NO:112; VXC4 SEQ ID NO: 
113; VXD1 SEQ ID NO:114. Heavy chains: Mab32 SEQ ID NO:115; DP-51 SEQ ID NO:116; VHP1 SEQ ID NO:117; 
VHP2 SEQ ID NO:133; VHP3 SEQ ID NO:134; DP-46 SEQ ID NO:118; VHLM2 SEQ ID NO:135; VHLM8 SEQ ID NO: 
30 141). 

[0088] Figure 7 shows the results of a competition ELISA between FabMab32 and single chain Fv fragments. 
[0089] Figure 8 shows an example of a scheme for humanising a mouse antibody using CDR imprinted selection 
using a dual combinatorial method. 

[0090] Figure 9 shows an example of a scheme for humanising a mouse antibody using CDR imprinted selection 
35 using combinatorial libraries in a single replicon, single chain Fv format. 

[0091] Figure 10 shows relative ELISA signals obtained with scFv fragments selected by CDR imprinted selection 
compared to the original F58 single chain Fv fragment. 

[0092] Figure 1 1 shows the deduced amino acid sequences of the selected heavy chains Graft/27, Graft/2, Graft/H3 
and Graft/H9 in comparison to the original F58 heavy chain and to the most closely related human germ line VH genes. 
40 (VH6: F58 SEQ ID NO:127; DP-74 SEQ ID NO:128; Graft/27 SEQ ID NO:136; Graft/2 SEQ ID NO:137; GRAFT/H3 
SEQ ID NO:138; GRAFT/H9 SEQ ID NO:139. VH1: F58 SEQ ID NO:129, DP-2 SEQ ID NO:130; Graft/20 SEQ ID NO: 
140). 

[0093] Figure 12 shows the vector pCANTAB3-myc and the DNA and amino acid sequences in the region of the 
cloning site. (SEQ ID NO:131). 

45 [0094] Figure 13 shows the vector pCANTAB5-myc and the DNA and amino acid sequence in the region of the 
cloning site. (SEQ ID NO: 132). 

[0095] Figure 14 shows the assembly of rearranged VH genes. 

[0096] Table 1 lists oligonucleotide primers and peptides mentioned in the text. The attention of readers of this doc- 
ument is directed to table 1 for sequence information on these oligonucleotides and peptides, complete with the SEQ 
50 id NO of sequences in the listing. 
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Table 1 * Oligonucleotides Used 
PRIMER 



SEQUENCE 



SEQ ID NO: 5 MOJK1FORNX 



SEQ ID NO: 6 MVKBASFI 



SEQ ID NO: 7 MOVK-HUCK-BACK 



SEQ ID NO: 8 HUCKNOT 1 6NOMYC 



SEQ ID NO: 9 VH1FOR-2 



SEQ ID NO: 10 Mo-VH-Hu-CHl 



SEQ ID NO: 11 HCM1FONO 



SEQ ID NO: 12 HUCKCYSNOT 



SEQ ID NO: 12 HUCLCYSNOT 



SEQ ID NO: 14 MVKBAAPA 



5 ' -CCG TTT GAT TTC CAG CTT 
GGT GCC-3' 

5' -CAT GAC CAC GCG GCC CAG 
CCG GCC ATG GCC GAC ATT 
GAG CTC ACC CAG TCT CCA- 3 ' 

5* -GGC ACC AAG CTG GAA ATC 
AAA CGG ACT GTG GCT GCA 
CCA TCT GTC TTC- 3' 

5' -GAG TCA TTC TCG ACT TGC 
GGC CGC TTA TTA ACA CTC 
TCC CCT GTT GAA GCT CTT- 3* 

5 ' -TGA GGA GAC GGT GAC CGT 
GGT CCC TTG GCC CC-3' 

5'-GGG ACC ACG GTC ACC GTC 
TCC TCA GGA AGT GCA TCC 
GCC CCA ACC CTT TTC-3 f 

5' -CCA CGA TTC TGC GGC CGC 
CAC TGG AAG AGG CAC GTT 
CTT TTC TTT- 3' 

5 ' -GAG TCA TTC TCG ACT TGC 
GGC CGC ACA CTC TCC CCT 
GTT GAA GCT CTT- 3' 

5' -GAG TCA TTC TCG ACT TGC 
GGC CGC TGA ACA TTC TGT 
AGG GGC CAC TGT CTT- 3' 

5' -CAC AGT GCA CTC GAC ATT 
GAG CTC ACC CAG TCT CCA-3 1 
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SEQ ID NO: 107 VH1BACKAPA 

SEQ ID NO: 15 HCM1FONO 

SEQ ID NO: 16 HCM1FO 

SEQ ID NO: 17 HUCLCYS 

SEQ ID NO: 18 HUCKCYS 

SEQ ID NO: 19 f d-PCR-BACK 

SEQ ID NO: 20 fd-SEQl 

SEQ ID NO: 21 HULAMBD AS EQ 

SEQ ID NO: 22 pHEN-SEQ 

SEQ ID NO: 23 LINKSEQ 

SEQ ID NO: 24 HU-MCH1FORSEQ2 

SEQ ID NO: 25 HuVLlBACKSFI 

SEQ ID NO: 26 HuCLl FORAMBNOT 
SEQ ID NO: 108 VH1BACKSFI15 



5' -CAT GAC CAC AGT GCA CAG 
GTS MAR CTG CAG SAG TCW 
GG-3' 

5' -CCA CGA TTC TGC GGC CGC 
CAC TGG AAG AGG CAC GTT 
CTT TTC TTT-3 ' 

5' -TGG AAG AGG CAC GTT CTT 
TTC TTT-3' 

5'-TGA ACA TTC TGT AGG GGC 
CAC TGT CTT- 3' 

5* -ACA CTC TCC CCT GTT GAA 
GCT CTT-3 1 

5'-GCG ATG GTT GTT GTC ATT 
GTC GGC-3* 

5 1 -GAA TTT TCT GTA TGA GG- 

3' 

5'-GTG TGG CCT TGT TGG CTT 
G-3' 

5'-CTA TGC GGC CCC ATT CA- 

3' 

5 1 -CGA TCC GCC ACC GCC AGA 
G-3* 

5' -AGG AAG TCC TGT GCG AGG 
CAG- 3' 

5* -GTC CTC GCA ACT CGC GCC 
CAG CCG GCC ATG GCC CAG 
TCT GTG TTG ACG CAG CCG 

CC-3' 

5 * -CCA CGA TTC TGC GGC CGC 
CTA TGA ACA TTC TGT AGG 
GGT CAC TGT-3' 

5 '-CAT GCC ATG ACT CGC GGC 
CCA GCC GGC CAT GGC CSA 
GGT SMA RCT GCA GSA GTC 

(A/T )GG 



SEQ ID NO: 27 HuJH4FORASSXHoI 5 * -GCCTGAACCGCCTCCACCTCTCGA 

GAACGGTGACC AGGG - 3 1 

SEQ ID NO: 28 HuVBLBACK-XhoI 5 1 -CTGGTCACCGTCTCGAGAGGTGGA 

GGC- 3' 

SEQ ID NO: 29 HuJH4FORSalI 5 ' -GGAGGATGCACTTGTCGACACGGT 
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GACCAG-3' 

Human VH Back Primers 

SEQ ID NO: 30 HuVHlaBACK 5 ' -CAG GTG CAG CTG GTG CAG 

TCT GG-3' 

SEQ ID NO: 31 HuVH2aBACK 5 1 -CAG GTC AAC TTA AGG GAG 

TCT GG-3* 

SEQ ID NO: 32 HuVH3aBACK 5 1 -GAG GTG CAG CTG GTG GAG 

TCT GG-3' 

SEQ ID NO: 33 HuVH4aBACK 5 1 -CAG GTG CAG CTG CAG GAG 

TCG GG-3 1 

SEQ ID NO: 34 HuVHSaBACK 5 ' -GAG GTG CAG CTG TTG CAG 

TCT GC-3 f 

SEQ ID NO: 35 HuVH6aBACK 5 ' -CAG TGA CAG CTG CAG CAG 

TCA GG-3' 

Human IgM Constant Region Primer 

SEQ ID NO: 36 HulgMFOR 5 ' - TGG AAG AGG CAC GTT CTT 

TTC TTT-3 ' 

Human k Constant Region Primer 

SEQ ID NO: 37 HuCKFOR 5* -AGA CTC TCC CCT GTT GAA 

GCT CTT- 3' 

Human X Constant Region Primer 

SEQ ID NO: 38 HuO.FOR 5 1 -TGA AGA TTC TGT AGG GGC 

CAC TGT CTT- 3' 

Human JH Forward Primers 

SEQ ID NO: 39 HuJHl-2FOR 5 ' -TGA GGA GAC GGT GAC CAG 

GGT GCC-3' 

SEQ ID NO: 40 HuJH3FOR 5 ' -TGA AGA GAC GGT GAC CAT 

TGT CCC-3' 

SEQ ID NO: 41 HuJH4-5FOR 5 ' -TGA GGA GAC GGT GAC CAG 

GGT TCC- 3' 

SEQ ID NO: 42 HuJH6FOR 5 * -TGA GGA GAC GGT GAC CGT 

GGT CCC-3 ' 

VH BACK PRIMERS WITH APA LI SITES 

SEQ ID NO: 43 HUVH1BAAPA 5 ' -CAT GAC CAC AGT GCA CAG 

GTG CAG CTG GTG CAG TCT 
GG-3' 
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SEQ ID NO: 44 HUVH2BAAPA 

SEQ ID NO: 45 HUVH3BAAPA 

SEQ ID NO: 46 HUVH4BAAPA 

SEQ ID NO: 47 HUVH5BAAPA 

SEQ ID NO: 48 HUVH6BAAPA 
JHSAL primers 

SEQ ID NO: 49 HUJH1-2FORSAL 

SEQ ID NO: 50 HUJH3FORSAL 

SEQ ID NO: 51 HUJH4-5FORSAL 

SEQ ID NO: 52 HUJH6FORSAL 

LAMBDA BACK PRIMERS WITH SFI 
SEQ ID NO: 53 HUVLIBASFI : 

SEQ ID NO: 54 HUVL2BASFI : 

SEQ ID NO: 55 HUVL3aBASFI : 

SEQ ID NO: 56 HUVL3bBASFI: 



5 ' -CAT GAC CAC AGT GCA CAG 
GTC AAC TTA AGG GAG TCT 
GG-3' 

5' -CAT GAC CAC AGT GCA CAG 
GTG CAG CTG GTG GAG TCT 
GG-3' 

5 ' -CAT GAC CAC AGT GCA CAG 
GTG CAG CTG CAG GAG TCG 
GG-3* 

5' -CAT GAC CAC AGT GCA CAG 
GTG CAG CTG TTG CAG TCT 
GC-3 1 

5' -CAT GAC CAC AGT GCA CAG 
GTA CAG CTG CAG CAG TCA 
GG-3 1 



5* -GAG TCA TTC TCG TGT CGA 
CAC GGT GAC CAG GGT GCC-3 ' 

5' -GAG TCA TTC TCG TGT CGA 
CAC GGT GAC CAT TGT CCC-3 ' 

5 ' -GAG TCA TTC TCG TGT CGA 
CAC GGT GAC CAG GGT TCC-3 1 

5 1 -GAG TCA TTC TCG TGT CGA 
CAC GGT GAC CGT GGT CCC-3 * 

SITES 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
TCT GTG TTG ACG CAG CCG 
CC-3' 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
TCT GCC CTG ACT CAG CCT 
GC-3' 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC TCC 
TAT GTG CTG ACT CAG CCA 
CC-3' 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC TCT 
TCT GAG CTG ACT CAG GAC 
CC-3' 
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SEQ ID NO: 57 HUVL4BASFI : 



SEQ ID NO: 58 HUVL5BASFI: 



SEQ ID NO: 59 HUVL6BASFI : 



5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTT ATA CTG ACT CAA CCG 
CC-3' 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GCT GTG CTC ACT CAG CCG 
TC-3' 

5 f -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC AAT 
TTT ATG CTG ACT CAG CCC 
CA-3' 



KAPPA BACK PRIMERS WITH SFI SITES 



SEQ ID NO: 60 HUVK1BASFI : 



SEQ ID NO: 61 HUVK2BASFI: 



SEQ ID NO: 62 HUVK3BASFI: 



SEQ ID NO: 63 HUVK4BASFI : 



SEQ ID NO: 64 HUVK5BASFI: 



SEQ ID NO: 65 HUVK6BASFI : 



5' -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC GAC 

ATC CAG ATG ACC CAG TCT 

CC-3' 

5' -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC GAT 

GTT GTG ATG ACT CAG TCT 
CC-3 1 

5' -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC GAA 

ATT GTG TTG ACG CAG TCT 
CC-3 1 

5 ' -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC GAC 

ATC GTG ATG ACC CAG TCT 
CC-3 1 

5 1 -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC GGA 

ACG ACA CTC ACG CAG TCT 
CC-3' 

5 ' -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC GAA 

ATT GTG CTG ACT CAG TCT 
CC-3' 



SEQ ID NO: 66 HUCLFORSERASCNOT 5 ' -GAG TCA TTC TCG ACT TGC 

GGC CGC CTG CTA TTA TCG 
GGC GCG CCT TTA TTA TGA 
AGA TTC TGT AGG GGC CAC 
TGT CTT-3* 

SEQ ID NO: 67 HUCKFORSERASCNOT 5 * -GAG TCA TTC TCG ACT TGC 

GGC CGC CTG CTA TTA TCG 
GGC GCG CCT TTA TTA AGA 
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SEQ ID NO: 68 HUCKFORSER 

SEQ ID NO: 69 HUCLFORSER 

SEQ ID NO: 70 HUCKFORSERNOT 

SEQ ID NO: 71 HUCLFORSERNOT 

Human Vk Back Primers 

SEQ ID NO: 72 HuVklaBACK 

SEQ ID NO: 73 HuVk2aBACK 

SEQ ID NO: 74 HuVk3aBACK 

SEQ ID NO: 75 HuVK4aBACK 

SEQ ID NO: 76 HuVk5aBACK 

SEQ ID NO: 77 HuVk6aBACK 

Human X Back Primers 

SEQ ID NO: 78 HuXlBACK 

SEQ ID NO: 79 HuXBACK 

SEQ ID NO: 80 HuX3aBACK 

SEQ ID NO: 81 HuX3bBACK 

SEQ ID NO: 82 HuX4BACK 

SEQ ID NO: 83 HuXSBACK 



CTC TCC CCT GTT GAA GCT 
CTT-3' 

5' -AGA CTC TCC CCT TTT GAA 
GCT CTT-3' 

5'-TGA AG A TTC TGT AGG GGC 
CAC TGT CTT-3 ' 

5* -GAG TCA TTC TCG ACT TGC 
GGC GGC AGA CTC TCC CCT 
GTT GAA GCT CTT-3* 

5 ' -GAG TCA TTC TCG ACT TGC 
GGC CGC TGA AGA TTC TGT 
AGG GGC CAC TGT CTT-3 1 



5' -GAC ATC CAG ATG ACC CAG 
TCT CC-3' 

5' -GAT GTT GTG ATG ACT CAG 
TCT CC-3' 

5* -GAA ATT GTG TTG ACG CAG 
TCT CC-3' 

5 ' -GAC ATC GTG ATG ACC CAG 
TCT CC-3" 

5' -GAA ACG ACA CTC ACG CAG 
TCT CC-3* 

5* -GAA ATT GTG CTG ACT CAG 
TCT CC-3' 



5 ' -CAG TCT GTG TTG ACG CAG 
CCG CC-3' 

5' -CAG TCT GCC CTG ACT CAG 
CCT GC-3' 

5' -TCC TAT GTG CTG ACT CAG 
CCA CC-3' 

5 ' -TCT TCT GAG CTG ACT CAG 
GAC CC-3' 

5' -CAC GTT ATA CTG ACT CAA 
CCG CC-3' 

5 ' -CAG GCT GTG CTC ACT CAG 
CCG TC-3' 



17 



EP 0 605 522 B1 



SEQ ID NO: 84 HuX6BACK 

SEQ ID NO: 85 G3LASCGTGBACK 

SEQ ID NO: 86 F58GRAFT JH4SAL 



SEQ ID NO: 87 F58GRAFTSAL 



LAMBDA BACK PRIMERS WITH APA I 
SEQ ID NO: 88 HUVL1BAAPA: 

SEQ ID NO: 89 HUVL2BAAPA: 

SEQ ID NO: 90 HUVL3aBAAPA: 

SEQ ID NO: 91 HUVL3bBAAPA: 

SEQ ID NO: 92 HUVL4BAAPA: 

SEQ ID NO: 93 HUVL5BAAPA: 

SEQ ID NO: 94 HUVL6BAAPA: 

KAPPA BACK PRIMERS WITH APA L 
SEQ ID NO: 95 HUVK1 BAAPA : 



5'-AAT TTT ATG CTG ACT CAG 
CCC CA-3' 

5' -GTC CTC GCA ACT GGC GCG 
CCA CAA TTT CAC AGT AAG 
GAG GTT TAA CTT GTG AAA 
AAA TTA TTA TTC GCA ATT-3 ' 

5*-GGA TGC ACT TGT CGA CAC 
GGT GAC CAG GGT ACC TTG 
GCC CCA GTA GTC AAA GTA 
GTA GTC CTC TTC GTA ATC 
ATA GTA GAT CAG GTC ACA 
GTA ATA CAC GGC CGT GTC-3' 

5'-GGA TGC ACT TGT CGA CAC 
GGT GAC CAG GGT ACC TTG 
GCC CCA GTA GTC AAA GTA 
GTA GTC CTC TTC GTA ATC 
ATA GTA GAT CAG GTC ACA 
GTA ATA CAC GGC CGT GTC- 3' 

SITES 

5' -TGA GCA CAC AGT GCA CTC 
CAG TCT GTG TTG ACG CAG 
CCG CC-3' 

5' -TGA GCA CAC AGT GCA CTC 
CAG TCT GCC CTG ACT CAG 
CCT GC-3 1 

5' -TGA GCA CAC AGT GCA CTC 
TCC TAT GTG CTG ACT CAG 
CCA CC-3' 

5 1 -TGA GCA CAC AGT GCA CTC 
TCT TCT GAG CTG ACT CAG 
GAC CC-3' 

5' -TGA GCA CAC AGT GCA CTC 
CAG GTT ATA CTG ACT CAA 
CCG CC-3' 

5 ' -TGA GCA CAC AGT GCA CTC 
CAG GCT GTG CTC ACT CAG 
CCG TC-3* 

5' -TGA GCA CAC AGT GCA CTC 
AAT TTT ATG CTG ACT CAG 
CCC CA-3' 

SITES 

5 ' -TGA GCA CAC AGT GCA CTC 
GAC ATC CAG ATG ACC CAG 
TCT CC-3* 
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SEQ ID NO: 96 
SEQ ID NO: 97 
SEQ ID NO: 98 
SEQ ID NO: 99 



HUVK2BAAPA: 



HUVK3BAAPA: 



HUVK4BAAPA: 



HUVK5BAAPA: 



SEQ ID NO: 100 HUVK6BAAPA: 

Human VH Back Primers 

SEQ ID NO: 101 HuVHlaBACKSf i 

SEQ ID NO: 102 Hu VH2aBACKS f i 

SEQ ID NO: 103 HuVH3aBACKSf i 

SEQ ID NO: 104 HuVH4aBACKSf i 

SEQ ID NO: 105 HuVH5aBACKSf i 

SEQ ID NO: 106 HuVH6aBACKSf i 

SEQ ID NO: 109 SYNLIB1 



5 '-TGA GCA CAC AGT GCA CTC 
GAT GTT GTG ATG ACT CAG 
TCT CC-3' 

5' -TGA GCA CAC AGT GCA CTC 
GAA ATT GTG TTG ACG CAG 
TCT CC-3' 

5* -TGA GCA CAC AGT GCA CTC 
GAC ATC GTG ATG ACC CAG 
TCT CC-3' 

5 1 -TGA GCA CAC AGT GCA CTC 
GAA ACG ACA CTC ACG CAG 
TCT CC-3" 

5 ' -TGA GCA CAC AGT GCA CTC 
GAA ATT GTG CTG ACT CAG 
TCT CC-3" 



5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG GTG CAG TCT 
GG-3' 

5 * -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTC AAC TTA AGG GAG TCT 
GG-3' 

5* -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG GTG GAG TCT 

GG-3' 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG CAG GAG TCG 
GG-3 1 

5 • -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG TTG CAG TCT 
GC-3' 

5' -GTC CTC GCA ACT GCG GCC- 
CAG CCG GCC ATG GCC CAG 
GTA CAG CTG CAG CAG TCA 
GG-3* 

5' -GCC TCC ACC TCT CGA GAC 
GGT GAC CAG GGT ACC TTG 
GCC CCA ATA GTC AAA 
((A/C)NN)5 TCT TGC ACA GTA 
ATA CAC GGC CGT GTC -3' 
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[0097] The examples illustrate embodiments of processes according to the present invention as follows: 
[0098] In the work described in example 1 , a mouse antibody directed against an epitope of TNF was cloned as a 
Fab fragment for display on phage, and by combining the heavy chain with repertoires of human light chains (or indeed 
the light chain with repertoires of human heavy chains), it was possible to select phage bearing Fab fragments with 
s one mouse and one human chain. These antibody fragments bound to the same epitope of TNF as the original mouse 
antibody. The new human chain (heavy or light) was then combined with a repertoire of human partner chains to create 
an entirely human antibody Fab fragment which binds to the same epitope of TNF. 

[0099] Example 2 illustrates CDR imprinted selection in a dual combinatorial format. An anti-HI V gpl20 antibody was 
humanised by epitope imprinted selection with retention of the original mouse heavy chain CDR3. The VH and VL 

10 domains of the mouse antibody were cloned as fusions with mouse CHI and Ck chains. The resulting heavy chain 
VHCH1 fragment was displayed on phage in combination with a repertoire of human light chains expressed as a g3p 
fusion from phage vector. Human light chains displayed on phage were selected and the selected chains displayed in 
phage in combination with a library of human naive heavy chain VHCH1 fragments amplified so as to comprise the 
CDR3 of the original mouse heavy chain, expressed as g3p fusions. Selected phage were obtained displaying antibody 

15 polypeptide dimers which retain the original specificity against gp120 but are now of fully human origin apart from 
retaing the mouse heavy chain CDR3. 

[0100] Example 3 illustrates CDR imprinted selection in a single replicon, single chain Fv format. An anti-HI V gp120 
antibody was humanised by epitope imprinted selection with retention of the original mouse heavy chain CDR3. A 
single chain Fv library was displayed on phage, the fragments comprising the original mouse light chain and CDR3 of 

20 the heavy chain but with the remainder of the light being of human origin, derived from a library of human naive heavy 
chains. The heavy chain variable domain of selected phage was then combined with a repertoire of human light chain 
variable domains to generate a scFv library on phage. Phage selected from this library displayed scFv fragments in 
which the variable domains were of fully human origin except for the retention of CDR3 of the mouse heavy chain. 
[0101] Example 4 illustrates the isolation of human antibodies derived from the immune repertoire of an immunised 

25 mouse. A repertoire of mouse heavy and light chain V genes derived from a mouse immunised with TNF are displayed 
as single chain Fv fragments and phage selected for binding to TNF. VH genes derived from this selected mouse 
population are then combined with VL genes derived from a human naive library as single chain Fv fragments and 
phage selected. Selected semi-humanised antibody polypeptide dimers are then fully humanised by pairing the human 
VLs with human VHs derived from a human naive library. Fully humanised antibody polypeptide dimers specific for 

30 TNF may then be selected from the resulting library. 

[0102] Example 5 illustrates creation of a synthetic library. 

Example 1 

35 Humanisation of a murine antibody: 

Isolation of human antibodies directed against a specific epitope on tumour necrosis factor alpha (TNF-alpha) using 
epitope imprinted selection 

40 [0103] We chose a murine monoclonal antibody directed against human TNF as our target antibody for humanisation 
by double chain shuffling. The antibody Mab32 (class lgG2b, k) (D. Rathjen et al., 1991 Mol. Immunol. 28, p79; D. 
Rathjen et al, 1992 Brit. J. Cancer 65, pp852-856; Australian Patent Application 7,576; EP 486,526) does not inhibit 
the cytolytic effect of TNF (presumably because it does not inhibit the binding of TNF to its receptors), but it enhances 
the in vivo anti-cancer and anti-viral effects of the cytokine. The antibody binding site is localised in a region of the 

45 TNF-trimer, which encompasses the first 18 residues of TNF. This example demonstrates that epitope imprinted se- 
lection can be used to generate human antibodies specifically recognising this same epitope on human TNF-alpha. 

Experimental and Results 

so General methods used are given at the end of this section 

1 Cloning and display of the V genes of Mab 32 on phage 

[0104] Cloning of the V-genes of Mab32: 
55 [0105] The genes of the mouse Mab32 antibody (lgG2b, Kappa) were rescued by PCR essentially as described 
(Clackson et al., 1991, supra, Clackson et al in "PCR: a practical approach, eds Mr Phenox et al, IRL Press, Oxford 
pp 187-214) using the primers VH1 BACk and VHIFOR2 for the VH gene and VK2BACK and VK4FOR for the VL gene 
and the polymerase chain reaction (PCR, R.K.Saiki et al., 1985, Science 230, p1350). The mouse VH and Vk genes 
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were assembled for expression as scFv fragments by PCR assembly (Clackson et al. , supra) amplified with VHIBACKSfi 
and VKFOR4NOT and ligated into phagemid pHEN1 (H.R.Hoogenboom et al., 1991 Nucl. Acids. Res. 19, 
pp41 33-41 37) as a Sfil-Notl cut restriction fragment, and electroporated into E.coli HB21 51 celts. Of 96 clones analysed 
by ELISA (see below), 9 secreted TNF-binding soluble scFv fragments. Sequencing revealed in all clones a mouse 
5 VH of family IIB and a mouse Vk of family VI (E.A.Kabat et al., 1 991 Sequences of Proteins of Immunological Interest, 
US Public Health Services). Nucleotide mutations which were probably introduced by the PCR were detected by com- 
paring the 9 sequences, and a clone with 'consensus' sequence and binding activity (scFv-Mab32) chosen for further 
cloning experiments (Figure 5). 

[0106] Recloning of the Mab32 V-genes for soluble expression: 

10 [0107] The murine V-genes were recloned for soluble expression of heavy (Fd, VHCHI) or light chain, by linking the 
mouse V-genes to the human CHI (of the mu-isotype) or human Ck gene respectively by splice overlap extension. The 
mouse Vk gene was amplified from scFv-Mab32 DNA with oligonucleotides MOJK1 FORNX (binds in joining region of 
V-gene; the sequences of all oligonucleotides used in these examples are shown in Table 1) and MVKBASFI (binds 
in 5' region and adds Sfil restriction site); the human Ck was obtained by PCR from a mouse-human chimaeric light 

15 chain gene (of NQ10.12.5, described in Hoogenboom et al., 1991, supra), with oligonucleotides MOVK-HUCK-BACK 
(binds in 5' of human Ckand is partially complementary with mouse Jk 1 region) and HUCKNOT1 6NOMYC (sits in 3' 
end of human Ck, retains the terminal cysteine, and tags on a Notl restriction site) as in Clackson et al, 1991 using a 
two fragment assembly. For linkage of the DNA fragments, the two PCR fragments were mixed and amplified with 
MVKBASFI and HUCKNOT1 6NOMYC. The chimaeric VkCk gene was subsequently cloned as a Sfil-Notl fragment in 

20 pUC1 9 derivative containing the pelB signal peptide sequence and appropriate cloning sites for soluble expression of 
the light chain (pUC19-pelB-myc, Figure 2). Similarly, the mouse VH gene (amplified from scFv-Mab32 with LMB3 and 
VHIFOR-2) was combined by splicing by overlap extension PCR with the human u-CHI domain (amplified from human 
IgM-derived cDNA (Marks et al., 1 991 , supra WO 92/01047) with Mo-VH-Hu-CHI and HCMIFONO, and cloned as Sfil- 
Notl fragment into a pUCI9-pelB-myc for soluble expression of a tagged chain. 

25 

Display of the Mab32 antibody on phage: 

[0108] The chimaeric light chain was displayed on phage fd by reamplification of the mouse/human chimaeric chain 
with HUCKCYSNOT and MVKBAAPA and cloning into fd-tet-DOGI as an ApaLI-Notl fragment. Cells harbouring a 

30 plasmid with the heavy Fd chain gene were grown in 2xTY containing AMP-GLU (1%) to logarithmic phase (OD600 
of 0.5) and infected with a 20-fold excess of light-chain displaying phage. After 45 min at 37'C without shaking and 45 
min at 37'C with shaking in the 2xTY, ampicillin (100 ug/ml), Glucose 1% medium, a sample was diluted into 50-fold 
volume of prewarmed (37'C) 2 x TY, ampicillin (100 ug/ml) and tetracyclin (15 ug/ml, grown for 1 hr at 37'C and then 
overnight at 30'C (shaking). Phage particles collected from the supernatant of such culture displayed TNF-binding Fab 

35 fragments anchored through the light chain on their surface. 

[0109] Similarly, the reversed configuration was made. The heavy chain VHCH1 fragment was cloned into fd-tet- 
DOGI (after amplification of the Fd chain gene from the mouse/human chimeric construct with VHIBACKAPA and 
HCM1 FONO), and phage used to infect cells capable of producing soluble light chain. Phage particles collected from 
the supernatant of such culture displayed TNF-binding Fab fragments anchored through the heavy chain VHCH1 frag- 

40 ment on their surface. 

[0110] Properties of Mab32 fragments displayed on phage: 

[0111] The V-genes of the murine antibody Mab32 were cloned by amplifying the hybridoma V-genes, cloning the 
VH and Vk genes as scFv fragments in phagemid pHEN1 as above. Antibody scFv fragments which bind to TNF were 
identified by ELISA (see below for details). The mouse VH gene was recloned in pUC1 9-pelB-myc (Figure 2) for soluble 

45 expression as a mouse VH linked to human mu-CHI, while the light chain was recloned with the human Ck domain in 
vector fd-tet-DOGI as a fusion with g3p. When cells harbouring the heavy chain construct were infected with the fd- 
phage carrying the light chain, phage particles emerged which carried light chain-g3p associated with the Fd heavy 
chain. Indeed, binding to TNF and the 301 peptide was retained, as judged by ELISA with phage displaying the mouse- 
human chimaeric Fab fragment (Figure 3). In the phage ELISA, the background signal of phage carrying the light chain 

50 only was s lightly higher than wild-type fd-tet-DOG1 phage, but always lower than the signal obtained with Fab-dis- 
playing phage. Similarly, TNF binding phage was made with the heavy chain VHCH1 fragment anchored on phage, 
and the light chain provided as a soluble fragment. Hence, Mab32 is functional in the dual combinatorial format in both 
display orientations. 

55 2 Chain shuffling by epitope imprinted selection (EIS) 

[01 1 2] Construction of One chain-Libraries: 

[0113] Kappa, lambda light chain and Mu-specific cDNA was made from the mRNA prepared from the peripheral 
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blood lymphocytes from two healthy donors essentially as in Marks et al., 1 991 , supra. The first -strand cDNA synthesis 
was performed with oligonucleotides HCM1 FO, HUCLCYS and HUCKCYS for Mu-specific, lambda and kappa libraries 
respectively. The VH-CH 1 repertoire was amplified from this cDNA with oligonucleotides HCM1FO and six family 
specific VHBAGK primers (as in Marks et al, 1 991 , supra), reamplified with a Notl-tagged forward primer (HCM1 FONO) 

s and ApaLJ tagged VHBACK primers (6 primers HuVH1 BAAPA to HuVH6BAAPA; Tablel). Similarly, the light chain rep- 
ertoires were amplified with HUCLCYS or HUCKCYS forward primers and HUWl BACK to HuVX6BACK or HuVklBACK 
to HuVk6BACK back primers described in Marks et al., 1991, supra and PCT/GB91/01134 (WO 92/01047). In each 
case described in this section the lambda and kappa chain variable repertoires were amplified separately. The amplified 
repertoires were reamplified with ApaLI and Notl tagged versions of these oligonucleotides (13 back primers 

10 HuVM BAAPA to HuV/X6 BAAPA or HuVkl BAAPA to HuVkBAAPA and two forward primers HuCLCYSNOT and HuCK- 
CYSNOT, respectively). All three repertoires were cloned into vector fd-tet-DOG1 as ApaLI-Notl fragments, and elec- 
troporated into E.coli MC1061 cells, to obtain libraries of 1.0 x 10 7 clones for VXCX, 1.4 x 10 7 clones for VkCk, and 5 
x 10 6 clones for IgM-derived VHCHI. The presence of insert was checked and the frequency of inserts in the library 
found to be higher than 95% in all three cases. 

15 

Selecting a human VL using the mouse VH domain as docking chain: 

[0114] When chain shuffling using epitope imprinted selection, there are two routes from the mouse to the human 
antibody, depending on which mouse V-gene is kept constant in the first rounds of selection (see Figure 1 ). The influence 
20 of the mouse heavy and light chain in binding to antigen and their influence on docking human partner chains onto the 
original epitope may vary considerably between antibodies, perhaps depending on which domain forms most of the 
antigen-binding contacts. 

[0115] Figure 1 shows the principle of Epitope Imprinted Selection, as exemplified using a mouse antibody to start 
with. The clear rectangles represent the original mouse antibody VH and VL domains. Shaded rectangles represent 
25 human VH and VL domains. The human antibodies derived shown on the left on the bottom line are produced by a 
procedure involving: 

(a) (i) retention of the original mouse VH and shuffling with a library of human VL domains followed by selection 
by binding to antigen. 

30 

(a) (ii) shuffling of these selected human VL domains with a library of human VH domains followed by selection 
by binding to antigen. 

[0116] The human antibodies derived shown on the right on the bottom line are derived by the alternative pathway 
35 involving: 

(b) (i) retention of the original mouse VL and shuffling with a library of human VH domains followed by selection 
by binding to antigen. 

40 (b) (ii) shuffling of these selected human VH domains with a library of human VL domains followed by selection 

by binding to antibody. 

[0117] The human antibodies in the middle of the bottom line are derived by; 

45 ( C ) shuffling the selected human VL chains derived in (a) (i) with the selected human VH chains derived in (b) (i) 

and then selecting by binding to antigen. 

VH chains derived in (b) (ii) can be combined with VL chains derived in (a) (ii) and vice versa. 
The current section describes procedure (a) and subsequent sections procedures (b) and (c). This example de- 
scribes the procedures in a dual replicon, dual combinatorial format although the methods are equally applicable 
so to a single replicon, single chain Fv format. 

[0118] In the first chain shuffling experiment, the mouse VH (linked to the human CHI domain), expressed from 
pUC19-pelB-myc, was paired as Fab fragment with a library of 10 7 different human VXCX, domains. Phage displaying 
the antibody fragments were subjected to rounds of panning on TNF-coated tubes. By following the titre of the eluted 
55 phage, the extent of selection can be monitored. After 4 rounds (with a 100-fold increase in the titre of eluted phage), 
24 out of 28 individual clones were found to be binding to TNF in an ELISA with phage expressing Fab fragments (all 
with the mouse VH-human CH1 ). Phage only displaying the selected human VXCX domains gave a background similar 
to phage displaying only the chimaeric mouseVk-human Ck. Sixteen clones taken after the first round of selection were 
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found to be negative 

Selecting a human VH using the selected human v L domains as rtrekino 

Specificity of binding of t he selected V-qene pairs: 
FabMab32 ,o, bi „* 9 ,o TNF, „ g « „ *££^^S££SZS^ "* * 
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[0124] Thus the fine specificity of Mab32 for peptide 301 of TNF is retained through the human isation process. 
Affinity of binding of the selected V gene pairs: 

5 [0125] The mouse Mab32 antibody and purified, monomeric forms of the recombinant mouse scFv-Mab32 and the 
human scFv antibodies VHP1-VXA2, VHJP2-VXA2 and VHP3-NAA2, were subjected to competition ELISA for the de- 
termination of the relative affinity for TNF. Antibodies were incubated on a TNF-coated surface in the presence of 
increasing amounts of soluble TNF All the clones showed a roughly similar decrease in the ELISA signal over the 
same range of increasing TNF concentrations (with an IC50 in the 10nM to 100nM range). Although the parent Mab32 

io has been reported to bind more strongly (affinity constant for binding to human TNF of 8.77 x 10 9 M _1 ) this reflects the 
bivalency of the whole antibody molecule compared to the monovalency of a scFv fragment. 
[0126] The Mab32 and VHP3VXA2 fragments were also analysed for binding properties using the Pharmacia Bl- 
Acore. TNF was indirectly immobilised on the surface, and the binding of antibody monitored. The properties of the 
original mouse antibody were analysing two monomeric forms of Mab32. On the TNF surface, the Fab fragment from 

15 Mab32 by proteolytic cleavage and the scFv Mab32 showed very similar fast off rates (approximately 10 -2 s _1 ). The 
human VHP3-VXA2 antibody has an off rate in the same range as the original scFv-Mab32. On rates for antibody 
protein interactions are in the range seen for the interaction between other proteins and their receptors, and cover a 
100 fold range between 104 and 10 6 M" 1 s" 1 (Mason D.W. and Williams, A.F., 1986, Kinetics of Antibody Reactions and 
the Analysis of Cell Surface Antigens, Blackwell, Oxford; Pecht, I. , 1992 in Sela.M. (ed), Dynamic Aspects of Antibody 

20 Function, Academic Press Inc., New York, Vol. 6, pp 1-68). Assuming the on rates of the antibody TNF interactions 
are typical of antibody protein interactions, the off rate derived by the BIACore analysis is consistent with the affinity 
indicated by the competition ELISA (Kd = 10" 7 to 10" 8 M). 

[01 27] Thus, these determinations are consistent with scFvMab32 and the humanised scFv clone VH P3-VXA2 having 
a similar affinity and thus with the retention of affinity, as well as specificity, through epitope imprinted selection. 

25 

Selection of humanised antibodies by alternative pathway of epitope imprinted selection; selecting human VH then VL 
chains: 

[01 28] To answer the question of whether further human chains could be selected using the alternative pathway, we 
30 first selected a human VH using the mouse VL domain as imprinting chain. After four rounds of panning, two human 
VH domains dominated the population (VH-LM2 and VH-LM8). Both VH genes show minimal differences compared 
with the germline (DP-46), which is of the VH3 family. Compared with the VHP1 , 2 and 3 sequences, VH-LM2 and VH- 
LM8 use a germline of the same (VH3) family, and share the same canonical loop structure for CDR1 and CDR2 (I.M. 
Tomlinson et al., 1992, supra; C.Chothia et al., 1992 J. Mol. Biol. 227, pp789-817). However, clones VH-LM2 and VH- 
35 LM8 use a rather long VHJ-CDR3 compared with VH} P1, 2 and 3 (18 and 14 amino acid residues compared to 8,9 
and 10 residues respectively), and their respective germlines differ in 15 amino-acid residues. To test the complemen- 
tarity of the chains selected on different (but complementary moulds), the VH-LM2 domain was combined with the 
human VXA2 domain either as a Fab on phage or in a scFv configuration. Both yielded binding combinations (Figure 
3 and results not shown). In addition, the mouse VL forms a relatively weak binder in combination with the human 
40 VHP3 (as Fab fragments on phage). 

General methods 

Preparation of phage displaying Fab fragments on the surface using a two replicon system: 

45 

[0129] E.coli cells containing plasmid encoding the antibody chain for soluble expression were grown at 37'C in 10 
ml 2 x TY containing 100 ug/ml ampicillin and 1% glucose to an OD600 of 0.5. The cells were infected with either 10 11 
tranforming units (TU) prepared from the original library (by growing libraries at 37'C in 2 x TY with tetracyclin at 15 
ug/ml and collecting phage by two rounds of PEG precipitation), or with 1 ml eluate (variable titre) from the panning 
so experiments, by incubating at 37'C for 45 min without and 45 min with shaking. Subsequently the cells were inoculated 
into 500 ml of prewarmed medium with ampicillin (100 ug/ml) and tetracyclin (15 ug/ml), and after growing fori hour at 
37'C transferred to a 30'C shaker for an overnight incubation. Phage was prepared by two rounds of PEG-NaCI pre- 
cipitation, and resuspended in water to approximately 10 13 TU/ml before selection. 

55 Selection of binders: 

[0130] Immuno tubes (Nunc) were coated overnight with 2 ml of a 10 ug TNF per ml of 50 mM bicarbonate buffer 
(pH 9.6). Incubation with phage, washing and elution conditions were as described by Marks et al., 1991. E.coli cells 
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expressing the soluble complementary chain were infected with the eluted phage and grown in 2 x TY medium with 
tetracyclin ug/ml) for amplification of the selected phage population (as described above). 

Screening clones for binding: 

5 

[0131] Individual clones were assayed for binding in phage ELISA, by preparing one-chain phage stocks, and using 
this phage to infect cells harbouring a gene encoding a partner chain (the one(s) which was (were) used to select the 
clones). Phage displaying Fab fragments prepared from such (2 ml) overnight cultures as decribed above, was 1 0-fold 
concentrated by PEG precipitation and 50 ul assayed in ELISA. Recombinant human TNF-a (produced in yeast, specific 

10 activity of 3.2 x 1 0 7 units/mg, Peptide Technology) was coated onto plastic flat-bottomed microtiterplates (Falcon 391 2) 
at 10 ug/ml in 50 mM bicarbonate buffer (pH 9.6) or PBS, at 50 ul/well overnight at room temperature. After washing 
with PBS, blocking for 2 hours with 2% Dried Skimmed Milk Powder (Marvel), 50 ul phage per well was added to 50 
ul 4% Marvel, after which the ELISA was continued (with anti-phage antiserum) as described (Marks et al., 1991 and 
PCT/GB91/01134). For the detection of binding to the Mab32 epitope, the 301 -peptide (gift from Peptide Technology, 

15 sequence 

H-VRSSSRTPSDKPVAHVVA-OH SEQ ID NO 119) 

20 was coated by overnight incubation at room temperature with 100 uJ per well of 10 ug/ml peptide in PBS. The wells 
were blocked for 2 hours with 3% BSA, and the ELISA continued as above (using incubations with Marvel). 
[0132] Alternatively, soluble antibody fragments were made by r ecloning the selected chains in one plasmid (either 
as scFv fragments), inducing expression in the appropriate strain and detecting bound antibody fragments in the su- 
pernatant of the E.coli cultures with the anti-myc-tag antibody. Purified monomeric scFv fragments (see below for 

25 purification) were used for competition ELISA experiments and to check the specificity of binding. For the specificity 
ELISA, plates were coated with various proteins as described (Marks et aL, 1991, supra and WO 92/01047). In all 
cases where soluble fragments were assayed in ELISA, Marvel was replaced by BSA. 

[0133] For competition ELISA, we used Fab fragment derived by proteolytic cleavage of Mab32 (gift of Peptide Tech- 
nology) and either the 9E10-protein A purified mouse scFv-Mab32 or the protein A-purified human scFv fragments 

30 (VHP 1/2/3- V\2). To a TNF coated plate (blocked with 3% BSA in PBS), a mixture was added of one of each of the four 
scFv fragments and increasing amounts of the mouse Fab fragment (in 100ul total volume, 1.2ul, 4ul and 10ul of a 1 
mg/ml solution. After incubation for 2 hours, the plate was washed, and bound scFv detected with the antibody 9E10 
(which recognises the C-terminal myc-tag of the scFv fragments; Munro and Pelham 1986 Cell 46 291-300) and per- 
oxidase labelled goat anti-mouse antibody (Fc specific). As negative control, the same antibodies were used to detect 

35 increasing amounts of Fab fragment only (the anti-mouse (Fc specific) cross-reacts weakly with the mouse Fab). Ex- 
periments were done with a range of concentrations of scFv fragments (up to 250ug/ml), to establish the minimal 
detectable amount of scFv where competition was visible (when an excess of scFv is used, no competition is visible). 

DNA fingerprinting and seguencing of clones: 
40 ' 

[0134] The V-gene DNA of phage clones positive in TNF-ELISA was analysed by DNA-fingerprinting (as in Clackson 
et al., 1991 , supra). Briefly, the genes were amplified with fd-PCR-BACK and, for heavy chains, fd-SEQ1 , or, for light 
chains, HULAMBDASEQ, for 25 cycles (94'C, 1 min; 50'C, 1 min and72'C, 2 min), and the DNA cut with BstN I. Analysis 
of the digest by agarose gelelectrophoresis allowed then to identify major differences between the positive clones. The 
45 nucleic acid sequences of selected V-regions were determined by the dideoxy chain termination method (F.Sanger et 
al., 1977 Proc. Natl. Acad. Sci. USA 74, pp5463-5467) using a Sequenase kit (USB) and appropriate sequencing 
primers. Murine V-genes cloned into pHENI were sequenced with pHEN-SEQ and LINKSEQ; human VH genes were 
sequenced with a primer sited in the human CH1(mu) region (Hu-MCH1FORSEQ2), while for human VX genes, HU- 
LAMBDASEQ was taken. 

so 

Recloning selected chains for soluble expression: 

[0135] Selected light chains were amplified with Sfil-tagged backward and Notl tagged forward primers for cloning 
into pUC19-pelB-myc. Human light chains VXA2, D1 and VXC4 were amplified from fd with HuVL1 BACKSFI and 
55 HuCL1 FORAMBNOT and cloned into pUC1 9-pelB-myc (as Sfil-Notl fragments) for soluble expression as tag-less light 
chains (in non-suppressor strains). 

[0136] Alternatively, selected V-genes were assembled as scFv genes essentially as described (Clackson et al., 
1 991 , supra; Marks et al., 1 991 , supra and WO 92/01 047) using oligonucleotides described in Marks et al. (1 991 , supra 
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and WO 92/01047) and cloned into pHENI (Hoogenboom et al., 1 991 , supra) for expression in HB21 51 E.coli cells as 
soluble scFv fragments with a C-terminal myc-tag. 

Purification of scFv fragments: 

5 

[01 37] The original mouse scFv-Mab32-c1 4 fragment with the C-terminal myc-tag was purified from E.coli superna- 
tant using an affinity 9E1 0-Protein A column (as described in Clackson etaL, 1991, supra). The human scFv fragments 
(all with VH3 genes) were purified on Protein A-sepharose columns (H.R. Hoogenboom and G.Winter, J. Mol. Biol. 227, 
pp381-388, 1992). All proteins were further purified using gelfiltration (Superdex-75, Pharmacia), and the monomeric 
10 fraction taken for BIAcore analysis. 

Standard polymerase chain reaction 

[01 38] The standard reaction mixture for the polymerase chain reaction was: 5uJ template DNA; 20pmol back primer 
15 ( S ); 20pmol forward primer(s); 10mM KCI; 10mM (NH 4 ) 2 S0 4 ; 20mM Tris HCI (pH88); 2mM MgCI 2 ; 100u.g BSA/ml and 
1 unit Taq DNA polymerase (Perkin Elmer Cetus). The reaction mixture was overlaid with mineral oil and subjected to 
30 cycles of amplification using a Techne thermal cycler (Duxford, England). The cycle was 94° C for 1 min (denatur- 
ation), 55°C for 1 min (annealing) and 72°C for 1.5 min (extension). Other PCR conditions are given in the text or in 
references. 

20 

Purification of DNA products 

[0139] Products were purified following agarose gel electrophoresis using Geneclean (BiolOI) or by electroelution 
and ethanol precipitation (J Sambrook et al 1989 Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Labo- 
25 ratory Press, Cold Spring Harbor, NY.) 

Restriction enzyme digests 

[0140] Were performed according to the manufacturers instructions (New England Biolabs, CP Labs, Bishops Stort- 
30 ford, Herts). Ligations were performed according to Sambrook et al (1 989 supra). 

Conclusion 

[0141] We have shown that a mouse antibody can be rebuilt into a human antibody with the same specificity by the 

35 process of epitope imprinted selection (EIS). 

[0142] A library of human light chains were shuffled with a mouse VH domain, binding combinations selected and 
then used in a second shuffle as 'docking domains' for a library of human VH genes. Completely human antibodies 
were isolated from such 'genuine' human library. The antibodies were shown to bind retain binding specificity. Alterna- 
tively, the mouse VL was used as docking chain for selecting human VH partners. Such VH domains can be used to 

40 find human VL genes, or, alternatively, can be combined with human VL domains selected with the mouse VH domain. 
Indeed, binding activity was obtained by combining two independently selected V-genes, pointing towards potential 
additivity of the EIS procedure. 

[0143] The EIS approach may serve to humanise antibodies more rapidly than by CDR-grafting (Riechmann et al., 
1968, supra), as this method requires very often a detailed knowledge of the 3-D structure of the antibody. However, 
45 the EIS method can be extended to for example antibody repertoires obtained by phage selection from immunised 
rodents. Following immunisation with antigen, a repertoire of V-genes with high affinity and specificity may be selected 
and then used in a epitope imprinted selection (see example 4) to generate a range of human antibodies of high affini 
ty and enriched for the desired specificity. 

50 Example 2 

Humanising rodent antibodies using polycombinatorial libraries and CDR imprinting 

[0144] CDR 3 of the heavy chain is generally found to be the most variable of all CDRs in terms of both length and 
55 sequence, and can make important contacts with antigen (Winter, G. and Milstein C. Man-made Antibodies. (1991) 
Nature 349, pp293-299). This is an important consideration when humanising, whether by CDR-grafting (Patent 
GB2188638B) or as described in this application using chain-shuffling. It may be advantageous to apply the polycom- 
binatorial approach to humanising by a chain-shuffling process in which the VHCDR3 sequence of the rodent antibody 
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is imprinted upon the human VH segments. 

[0145] In the polycombinatoria! approach, one fragment eg VHCHI, is displayed on phage as a fusion from a phage 
vector and the other, eg light chain, is expressed as a soluble fragment from eg a plasmid. Super-infection with phage 
is used to display both fragments on phage as a Fab fragment. 

5 [0146] In this example a mouse anti-HIVgp120 monoclonal antibody was humanised. The VH domain of this mouse 
antibody was fused to the human Cgammal domain and cloned into pUC19Sfi/Not/poiymyc. 
[0147] A repertoire of naive human light chains cloned as g3 fusions in fd-DOG-1 (also known as fd-CAT-2 in WO 
92/01047) was then infected into the cells carrying the chimaeric heavy chain, and phage selected on antigen. These 
phage have both heavy and light chains on their surface, though the phage genome encodes just the light chain; this 

10 is not a problem since the only heavy chain is the one provided. 

[0148] Light chains selected this way were then paired with a library of naive human VH domains, PCR-amplified in 
such a way that CDR3 of the human antibodies were replaced with that of the original mouse heavy chain. 
[0149] Section (a) deals with construction of a chimaeric Fab fragment in which the mouse F58 VH and VL domains 
are fused to human CH1 and CK sequences. This clone was used in early characterisation of the antibody and served 

75 as a template for subsequent PCR amplification of the heavy chain, which was then cloned into pUC1 9 Sfi-Not polymyc 
as a Pstl-Not I fragment (section (b)). Section (c) describes construction of a human light chain repertoire in fdDOG, 
which was then infected into cells containing the chimaeric heavy chain on pUC19 (section (d)). The resulting phage 
were panned against the peptide (section (e)) and the selected light chains PCR-amplified and cloned as Asc l-Not I 
fragments alongside the chimaeric heavy chain (section (f)) and assayed for their ability to bind antigen by ELISA 

20 (section (g)). Selected light chains were recloned in pUC (section (h)) and naive human VH domains amplified with a 
mutagenic primer imposing the F58 CDR3 sequence on the domains, and the resulting fragments cloned in phage 
(section (i)). This repertoire of imprinted heavy chain phage was then used to infect cells carrying the selected light 
chains on pUC and the resulting phage panned on antigen. Finally, the selected heavy and light chains are cloned 
together on the same replicon and assayed for binding to antigen (section (j)). 

25 

(a) Cloning of FSB chimaeric heavy chain 

(i) cDNA synthesis and primary PCR. 

30 [0150] Five ml of cultured hybridoma cells (approximately 2 x 10 6 cells) were washed in PBS, pelleted, resuspended 
in 200 ul 0.1% diethylpyrocarbonate in water and immediately boiled for 5 minutes. After centrifugation, 68 ul of the 
'boilate* supernatant was added to a 28 ul reaction mixture resulting in a 96 ul reaction mixture containing 140 mM KCI, 
50 mM Tris. HCI (pH8. 1 @ 42'C), 8 mM MgCI 2 , 1 0mM DTT, 500 uM deoxythymidine triphosphate, 500 uM deoxycytidine 
triphosphate, 500 uM deoxyadenine triphosphate and 500 uM deoxyguanine triphosphate nucleotide triphosphate (500 

35 uM dNTPs), 160 units of human placental RNAse inhibitor and 10 pmol of forward primer. Four ul (100 units) of avian 
myeloblastosis virus (AMV) reverse transcriptase was added, the reaction incubated at 42'C for 1 hour, heated to 1 00'C 
for 3 minutes, quenched on ice and centrifuged for 5 minutes. The supernatant was then used immediately for PCR. 
[0151] Separate PCR amplifications were performed for the heavy and light chains. Fifty ul reaction mixtures were 
prepared containing 5 ul of the supernatant from the cDNA synthesis, 250 uM dNTPs, 50mM KCI, 100mM Tris.HCI 

40 (pH 8.3), 1 .5mM MgCI 2 , 1 75 ug/ml BSA, 20 pmol each of the appropriate mixtures of forward and back primers (Clack- 
son, T et al. (1991) supra.) and 1 ul (5 units) Thermus aquaticus (Taq) DNA polymerase (Cetus, Emeryville, CA). The 
reaction mixture was overlaid with paraffin oil and subjected to 30 cycles of amplification using a Techn e PHC-2 thermal 
cycler. The cycle was 94'C for 1 minute (denaturation), 55'C for 1 minute (annealing) and 72'C for 1 minute (extension). 
The product was analyzed by running 5 ul on a 2% agarose gel. The remainder was extracted twice with ether, once 

45 with phenol/chloroform, ethanol precipitated and resuspended in 50 ul of water. 

(ii) Cloning and sequencing of amplified VH and Vk DNA. 

[0152] The amplified VH DNA was digested with Pstl and BstEll, purified on a 2% low melting point agarose gel and 
so ligated into M13VHPCR1 digested with Pstl and BstEll (Orlandi, R., D. H. Gussow, P. T. Jones and G. Winter. (1989). 
Cloning immunoglobulin variable domains for expression by the polymerase chain reaction. Proc. Natl. Acad. Sci., 
USA, 86 (10), pp3833-7). The amplified VK DNA was digested with Pvull and Bgl II and ligated into M13VKPCR1 
digested with Pvu II and Bel I. The ligation mixtures were used to transform competent TG1 cells. Two clones from 
separate amplifications were sequenced for each VH and Vk chain using the dideoxynucleotide chain termination 
55 method. 
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(iii) Generation of an Fab construct for expression in E. coli 

[0153] A chimaeric Fab containing the F58 variable domains and the human lgG1 CH1 and Ck domains was con- 
structed by ligating the F58 V-domains into a vector containing the constant domains. M1 3VHPCRI containing the F58 

5 VH was digested with Pstl and BstEII. The resulting F58VH fragment was then purified on a 1 .5 % agarose gel, isolated 
from the gel with Geneclean and ligated into pJM-1FabD1.3 (PCT/GB91/01134) digested with Pstl and BstEII. The 
ligation mixture was used to transform competent E. coli N4830-1 cells (Gottesman, M.E., Adhya. S. and Das, A. (1980) 
J. Mol. Biol. 140, pp57-75) and clones containing the F58 VH identified by restriction analysis of RF DNA. The F58 Vk 
was amplified by PCR with the primers Vk2BACK and Vk3FOR2 (Clackson, T et al. (1 991 ) supra.) using M1 3VkPCR 

io containing the F58 Vk as template. The PCR product was digested with Sad and Xhol, purified on a 1 .5% agarose 
gel, isolated from the gel with Geneclean and ligated into pJM-1 Fab vector containing the F58 VH digested with Sad 
and Xhol. The ligation mixture was used to transform competent E. coli N4830-1 cells and clones containing the F58 
Vk identified by restriction analysis of RF DNA. 

is (b) PCR and cloning of F58 chimaeric heavy chain 

[01 54] The F58 chimaeric heavy chain derived above was PCR amplified from F58 Fab clone DNA, using the primers 
VH1 BACKSFI15 and HUCH1 FORASCNOT (Tablel). The resulting ca. 700bp fragment was digested with Pst I and Not 
I and cloned into Pst I and Not I -cut pUC19Sfi/Not/polymyc plasmid using standard procedures (Sambrook, J. et al. 
20 1 989, supra, and example 1 ). 

(c) Construction of light chain repertoire 

[0155] Kappa and lambda-chain genes were amplified separately using an equimolar mixture of the appropriate 

25 family based BACK and FORWARD primers (Table 1). Kappa-chain genes were amplified from the cDNA synthesis 
using HUCKFOR primer, using an equimolar mixture of the 6 HUVKBACK 1 a-6a primers in conjunction with the HUCK- 
FORSER primer. Lambda-chain genes were amplified from the cDNA synthesis using the HUCLFOR primer, and am- 
plified using an equimolar mixture of the 7 HULBACK 1-6 primers in conjunction with the HUCLFORSER primer. In 
each case 50uJ reaction mixtures were prepared containing 5uJ of the supernatant from the appropriate cDN A synthesis, 

30 20pmol total concentration of the BACK primers, 20pmol total concentration of the FORWARD primers, 250u.M dNTPs, 
10mM KCI, 10mM (NH 4 ) 2 S0 4 , 20mM Tris.HCI (pH 8.8), 2.0mM MgCI2, 100mg/ml BSA and 1uJ (1 unit) Vent DNA 
polymerase (New England Biolabs). The reaction mixture was overlaid with mineral (paraffin) oil and subjected to 30 
cycles of amplification using a Techne thermal cycler. The cycle was 94°C for 1 minute (denatu ration), 57°C for 1 
minute (annealing) and 72°C for 2.5 minutes (extension). The products were purified on a 2% agarose gel, isolated 

35 from the gel by Geneclean (Bio-101) and resuspended in 25uJ of H 2 0. 

[0156] Two different pullthrough reactions were now performed on each of the two light chain preparations. Kappa- 
chain genes were amplified in two reactions, using an equimolar mixture of the 6 HUVKBAAPA primers in conjunction 
with HUCKFORSERNOT Lambda-chain genes were also amplified in two reactions, using an equimolar mixture of 
the 7 HUVLBAAPA primers in conjunction with HUCLFORSERNOT Pullthrough conditions were performed as for the 

40 primary light chain PCRs above except that 25 cycles of amplification were used. 

[0157] PCR products were digested with Apa LI and Not I using the standard format and cloned into Apa LI and Not 
l-cut fd-DOG as described in example 1 . Phage were prepared from the library clones as described in example 1 and 
used to infect cells containing the heavy chain (see below). 

45 (d) Production of shuffled Fab phage. 

[0158] Cells containing the F58 chimaeric heavy chain were grown overnight at 37'C in 2YTAG and 500ul added to 
50 mis fresh 2YTAmp medium, prewarmed to 37'C, in a conical flask. The cells were grown with shaking to OD600 of 
about 0.5 before adding a total of 1 0 11 phage from the light chain repertoire. The culture was left at 37'C for 45 minutes 
50 without shaking then shaken vigorously for another 45 minutes at 37'C before adding tetracyl ine to 1 5 ug/ml and shaking 
overnight. 

[0159] Phage were harvested by PEG precipitation of the culture supernatant as previously described (example 1 ) 
and used for selection experiments. 

55 (e) Panning of shuffled Fab phage. 

[0160] This was performed on maxisorb plates as previously described (Marks J. et a!., 1991 , supra.), with the ex- 
ception that the tubes were coated with env gp120 V3 loop peptide of HIV-1 isolate 1MB dissolved to 10 ug/ml in water. 
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This peptide was obtained from the AIDS-directed program (repository ref: ADP737) and has the sequence: 
CTRPNNNTRRSIRIQRGPGRAFVTIGKIGNMRQAHCN (SEQ ID N0 120) The phage eluted from the tubes were used 
to re-infect fresh cells containing the F58 chimaeric heavy chain and the panning/reinfection procedure repeated an- 
other three times. 

5 

(f) Recloning of selected light chains. 

[0161] Selected light chains were PCR-amp!ified from fd-DOG Light chain DNA using primers G3LASCGTGBACK 
and HUCLFORSE RNOT or HUCKFORSERNOT. The G3LASCGTGBACK primer anneals upstream of the translational 
10 start of the gill signal in fd, and brings in an Asc I site and a ribosome binding site (RBS). These fragments were 
digested with Asc I and Not I and cloned into Asc I and Not l-cleaved pUC19F58 plasmid (as shown in fig 8) so as to 
create a cistron, enabling soluble Fab to be produced. This was analysed for peptide binding in ELISA and bound 
antibody detected by virtue of the myc tag peptide on the end of the light chain. 

15 fa) ELISA 

[0162] This was performed as described below. 

1 Inoculate 100 ul 2 x TY, 100 u,g/ml ampicillin, 1% glucose in 96-well plates ('cell \tab wells', Nuclon) and grow 
20 with shaking (300 r.p.m.) overnight at 37'C. 

2 Use a 96-well transfer device to transfer small inocula from this plate to a second 96-well plate containing 200 
ul fresh 2xTY, 100 ug/ml ampicillin, 0.1% glucose per well. Grow at 37'C, shaking until OD600nm is approximately 
0.9 (about 3 hrs). To the wells of the original plate, add 25 ul 60 % glycerol per well and store at -70'C. 

25 

3 Add 25 ul 2 x TY, 100 ug/ml ampicillin, 9 mM IPTG (final concentration 1 mM IPTG). Continue shaking at 30'C 
for a further 16 to 24 hrs. 

4 Spin 4,000 r.p.m. for 10 min and use 100 ul supernatant in ELISA. 

30 

5 Coat plate (Falcon 3912) with 50 ul per well of peptide at 10 ug/ml in water. Leave overnight at room temp. 

6 Rinse wells 3x with PBS, and block with 200 ul per well of 1%BSA/PBS, for 1hr at 37'C 
35 7 Rinse wells 3x with PBS, then add 25ul 6% BSA/PBS to all wells. 

8 Add 100 ul culture supernatant containing soluble Fab to the appropriate wells. Mix, leave 1.5 hrs room temp. 

9 Discard test solution, and wash out wells 3 times with PBS, 0.05% Tween 20 and 3 times with PBS. Pipette 100 
40 ul of 4ug/ml purified 9E1 0 antibody, in 2% Marvel/PBS, into each well. Incubate at room temp, for 1 .5 hrs. 

10 Discard 9E10 antibody, and wash out wells with 3 times with PBS, 0.05% Tween 20 and 3 times with PBS. 
Pipette 100 ul of 1:500 dilution of anti-mouse antibody (peroxidase-conjugated anti-mouse immunoglobulins, Da- 
kopats/ICN, or peroxidase-conjugated anti-mouse IgG, Fc-specific, Sigma A-2554). Incubate at room temp, for 

45 1.5 hrs. 

11 Discard 2nd antibody, and wash wells 3 times with PBS, 0.05% Tween 20 and 3 times with PBS. 

12 Add one 10 mg ABTS (2,2'-azino bis(3-ethylbenzthiazoline-6-sulphonic acid), diammonium salt) tablet to 20 ml 
so 50 mM citrate buffer, pH4.5. (50 mM citrate buffer, pH4.5 is made by mixing equal volumes 50 mMtrisodium citrate 

and 50 mM citric acid). 

13 Add 2 ul 30% hydrogen peroxide to the above solution immediately before dispensing. 
S5 14 Add 100 ul of the above solution to each well. Leave room temp. 20-30 min. 

15 Quench by adding 50 ul 3.2 mg/ml sodium fluoride. Read at 405 nm. 
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Note 1: Alternatively, Inoculate clones from transformation plate into 100 ut 2 x TY, 100 ug/ml ampicillin, 0.1% 
glucose in 96-well plates ('cell wells', Nuclon) and grow with shaking (300 r.p.m.) 37'C, shaking until OD600nm is 
approximately 0.9 (about 6 hrs). Continue with step 3. 

5 Note 2: This method is based on that of DeBellis D. and Schwartz I., 1990 Nucl. Acids Res. 18: p1311 , and relies 

on the low levels of glucose present in the starting medium being metabolised by the time the inducer (IPTG) is 
added. 

Note 3: 'Marvel' is dried milk powder. PBS is 5.84 g NaCI, 4.72 g Na 2 HP0 4 and 2.64 g NaH 2 P0 4 .2H 2 0, pH 7.2, 
10 in 1 litre. BSA is Bovine Serum Albumin. 

(h) Subcloning selected light chains. 

[0163] Light chains were PCR-amplified from DNA of selected clones using an equimolar mix of the 7 HUVLBAS Fl 
15 primers in conjunction with HUCLFORSERASCNOT or an equimolar mix of the 6 HUVKBASFIprimers in conjunction 
with HUCKFORSERASCNOT. Reaction conditions were as described for the primary PCR reactions above except that 
25 cycles of amplification were used. PCR fragments were cut with Sfi I and Not I and cloned into Sfi I and Not l-cut 
pUC19Sfi/Not/polym yc then transformed into TG1 . 

[0164] The panning/infection process described above is essentially repeated again, this time with the positions of 
20 the heavy and light chains reversed. 

fi) CDR-imprinting VH 

[0165] VH domains were amplified from the pooled primary PCR material prepared as described below. 
25 [0166] Two preparations of PCR-amplified VH genes were made. Both preparations used an equimolar mixture of 
the HUJHFOR primers (Table 1 ); in one of the preparations, 6 separate PCR amplifications were performed with each 
of the HUVHBACK primers individually (Table 1), and in the other, a single PCR reaction was performed with an equi- 
molar mix of all 6 HUVHBACK primers. For all seven PCRs, 50uJ reaction mixtures were prepared containing 5uJ of 
the supernatant from the cDNA synthesis using the HUIGMFOR primer, 20pmol total concentration of the BACK prim- 
30 ers, 20pmol total concentration of the FORWARD primers, 250uJv1 dNTPs, 10mM KCI, 10mM (NH 4 ) 2 S0 4 , 20mM Tris. 
HCI (pH 8.8), 2.0mM MgC12, 100mg/ml BSA and 1u.l (1 units) Vent DNA polymerase (New England Biolabs). The 
reaction mixture was overlaid with mineral (paraffin) oil and subjected to 30 cycles of amplification using a Techne 
PHC-2 thermal cycler. The cycle was 94°C for 1 minute (denaturation), 57°C for 1 minute (annealing) and 72°C for 1 
minute (extension). The products were purified on a 1.5% agarose gel, isolated from the gel by Geneclean (Bio-101) 
35 and resuspended in 25uJ of H 2 0. The seven products were then pooled and 'pullthrough' PCR reactions performed. 
[0167] Six separate pullthrough reactions were performed with the mutagenic F58GRAFTJH4SAL primer and each 
of the HUVHBAAPA1-6 primers individually. 

[0168] Pullthrough reactions were set up with the primers HUVHBAAPA (equimolar mix of all 6 primers) and HUJH- 
FORSAL (equimolar mix of all 4 primers). 50uJ reactions of containing 5uJ of the pooled PCR products from the previous 
40 step were amplified using the same conditions as for the primary PCR except that 25 cycles of amplification were used, 
and the annealing temperature was 45°C. 

[0169] The resulting VH fragments were pooled and cut with Apa LI and Sal I using standard conditions and cloned 
into Apa LI and Xho l-cut fd-DOG-G1CH1 using standard protocols (Sail and Xho I produce compatible CTAG overh 
angs). Phage were prepared from this library as described above, this time using the heavy chain phage to infect cells 
45 carrying the selected light chains expressed in pUC1 9Sfi/Not/polymyc. 

(j) Screening of final heavy-light combinations. 

[0170] The end result of this process is a pool of selected heavy chains and a pool of selected light chains. These 
so are now combined at random. Heavy chain clones are now PCR-amplified using an equimolar mix of all 6 HUVH- 
BACKSFI primers in conjunction HUCH 1 FORA SCNOT using the procedure described in example 1 . These fragments 
are cut with Sfi I and Asc I and gel-purified using standard procedures (Example 1 ), then ligated to equimolar quantities 
of Asc l-Not I -cut light chains produced in step f) above and Sfi I and Not l-cut pUC 1 9Sfi/Not/polymyc vector, also 
produced earlier. Alternatively, these Sfi l-Asc I fragments replace the F58 heavy chain in the constructs shown at the 
55 end of fig 8 (A). These constructs were then transformed into TG1 and analysed for peptide binding activity by ELISA 
as described above. 

[0171] The end-products are completely human Fab fragments with the same or similar antigen -specificity as the 
parent rodent antibody. 
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Example 3 

Humanising rodent ant ibodies using random combinatorial phage display libraries and CDR grafting (CDR imprinted 
selection) 

[0172] In the work described in this example the mouse anti-HI V-1 gp1 20 monoclonal antibody F58 was humanised 
as shown schematically in fig. 9. A vector (pHENMBFSBVL) was constructed carrying the F5B Vk^omain, the single 
chain Fv linker and the first residues of a human VH-framework 4 with a Xhol restriction site. This vector allows the 
cloning of VH repertoires as Nco I/Sal I fragments to give complete scFvs. A human repertoire of VHs was amplified 
by PGR in such a way that each heavy chain contained the CDR3 of the original mouse mab F58 and a human frame- 
work 4 and was finally cloned into pHENMBF58VL. The scFv library was selected for binding to a HI V-1 gp1 20 derived 
peptide. Heavy chain variable domains from selected scFvs were then combined by PCR-assembly with a repertoire 
of human light chain variable domains to give fully humanised scFvs and again selected for antigen binding. The 
procedure illustrated here is therefore a synthesis of CDR-grafting and combinatorial phage display libraries. 

1. PCR amplification, cloning and s equencing of the F58 variable domains were described in example 2. Standard 
PCR conditions are as in example 1 . 

2. Construction of the F58 scFv 

[01 73] The VH and VL domains characterised above were assembled to form, scFv fragments, basically as described 
by Clackson et al, 1 991 , supra. 

[0174] Sequences of the primers mentioned in section 2.1 are given in Clackson et al (1991 supra) except for 
VH1 BACKSfi which is described in Hoogenboom et al, supra. 

2.1 PCR amplification of the F58 VH and VL and the PCR-assembly procedure 

[0175] About 1 ngof M13VHPCR1 (Orlandi etal, 1 989 supra) containing the F58 VH and 1 ng of M13VkPCR (Orlandi 
et al, 1989 supra) containing the F58 Vk were used as template in two separate, but in terms of cycling conditions 
identical, PCR amplifications: Two 50 ul reactions were prepared containing 1 ng of either the above mentioned tem- 
plates, 20 pmol VH1 BACK and 20 pmol VH1FOR-1 (20 pmol VK2BACK and 20 pmol VK4FOR to amplify the VL), 250 
uM dNTPs, 5 ul 10xVent polymerase reaction buffer (as obtained from the supplier New England Biolabs) and 2 units 
Vent DNA polymerase. The amplifications were performed with 25 cycles of PCR (94'C for 1 min, 55'C for 1 min, 72'C 
for 2 min). 

[0176] The linker DNA was similarly amplified from about 1 ng of template DNA pSW2scD1.3 (McCafferty et al., 
Nature 348, 552-554, 1 990) using the primers LINKBACK and LINKFOR (Clackson et al., 1991 , supra). 
[0177] After gel purification 1 ug each of the VH and the Vk product were mixed with 300 ng of linker in a 25 ul PCR 
mix without primers, and cycled 7 times(94'C 2 min, 72'C 4min) to join the fragments, then amplified for 20 cycles (94'C 
1 .5 min, 72'C 2.5 min) using 25 pmol each of VH1 BACK and VK4FOR primers. Finally, the assembled product was 
gel purified and reamplified with the primers VH1BACK-Sfil and VK4FOR-Notl to append restriction sites (Note 
VK4FOR and VK4FOR-Notl are equimolar mixture of 4 different primers). The F58 scFv was then digested with Sfil 
and Notl and cloned into the similarly digested vector pUC119Sfi-Notpolymyc. Recombinants were subsequently ver- 
ified by DNA sequencing. 

3. Construction of the vector PHENMBF58VL 

[0178] 10 ng of purified pUC119F58scFv DNA from the clone isolated above was used as template in a standard 
PCR amplification with the primers HuVHLBACK-Xhol and VK4FOR-Notl. The PCR product was purified, digested 
with Xhol and Notl and cloned into the similarly digested vector pHENI to generate the new vector pHENMBF58VL 

4. Amplification and cloning of the human heavy chain repertoire 
4. 1 . Preparation of the cDNA template 

[0179] The procedure was exactly as described in example 2(a)(i) using the IgM constant region forward primers 
described by Marks et al, 1 991 , supra and in WO 92/01 047. 
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4.2. PCR of Heavy chain variable domains 

[0180] The 6 separate reactions to amplify the heavy chain variable domains contained each 2 ul of the cDNA syn- 
thesis from above, 20 pmol of the individual HUVHBACKSfi primers and 20 pmol of the primer F58GRAFTSAL in an 
5 otherwise standard PCR mixture. Since the primer F58GRAF TSAL had to anneal to the framework 3 regions of the 
6 human VH families, the annealing temperature for the PCR cycling was reduced to 45'C. The PCR was run for 25 
cycles (94'C 1 min, 45'C 1 min, 72'C 1 min), after which the products were gel purified. To obtain more material for the 
subsequent cloning steps a secondary PCR was performed using the same series of HuVHBACKSfi primers and the 
primer HuJH4FORSall, the conditions were as above with the exception of an annealing step at 52'C instead of 45'C. 

10 

5. Generation of the scFv library 

[0181] Equal amounts each of the PCR products from above were pooled and digested with Ncol and Sail. 1 ug of 
this material was ligated into 3 ug of Ncol/Sall digested vector pHENMBF58VL The Ligation reaction was processed 
15 and used for the transformation of TG1 cells as described in Hoogenboom et al supra and WO 92/01047. 

6. Selection of the scFv library for antigen binders 

[0182] The infection of the library in TG1 with helper phage VCSM13 and the processing of the phages for the 
20 subsequent rounds of selection was done as described (Hoogenboom et al, 1 991 , supra and WO 92/01047). For each 
selection, 8 wells of a Maxisorp plate (NUNC) were inoculated with a 50ul solution of 3ug/ml peptide in water. The 
wells were allowed to dry completely over night, blocked with 1% BSA in PBS for 30 min at room temperature and 
finally washed 2x wi th PBS. To each well were added 50 ul of phage and 150 ul of Tris-HCI, pH 8.3, 0.5 M NaCI, 4% 
BSA. After 2 hrs the wells were washed 3x with Tris-HCI, pH 8.3, 0.1 M NaCI and 3x with Tris-HCI, pH 8.3, 0.5 M NaCI. 
25 Eiution of bound phages and infection TGI cells was performed as described (WO 92/01047). Briefly: Phages were 
eluted with 50 ul of 100 mM Triethylamine per well for 10 min. The eluted material was than immediately neutralized 
with 1/2 volume of 1 M Tris-HCI, pH 7.4 and used to infect logarithmically growing TGI cell. 

[0183] The peptide antigen corresponds to the gp120 V3 loop of the HIV-1 isolate NIB and was obtained from the 
AIDS-directed program of the MRC (repository reference ADP737). The sequence is: 

30 

YCTRPNNNTRRS I R IQRGPGRAFVT IGK IGNMRQAHC Y ( SEQ ID NO 121) 

7. Analysis of selected scFvs 

35 

[0184] After 3 rounds of selection an aliquot of the eluted phages was used to infect HB2151 cells to allow for ex- 
pression of soluble scFvs. The identification of individual binding clones by peptide ELISA was done as described 
previously in example 2 except that scFv fragments rather than Fab fragments were prepared. 
[0185] About 15% of the analysed clones scored positive at this stage, giving ELISA signals of 50%-150% of the 
40 signal obtained with the original F58 scFv which was run as a control on the same plate (see fig.10). None of the 
positive scFvs reacted with plastic, Hen eggwhite lysozyme or human thyroglobulin. 

[0186] Nucleotide sequence analysis revealed that the positive clones contained somatically mutated human VH- 
genes derived from germ line genes of the VH-families 1 and 6 (see fig. 11). 

45 8. Replacing the F58 light chain variable domain by a repertoire of human light chain variable domains 

[0187] About 10 ng of the pooled clones, which have been shown to be active in the peptide ELISA, were used as 
template in a 50 ul standard PCR amplification to obtain the selected heavy chain variable domains. As primers were 
used 20 pmol of each LMB3 and HuJH4FORASSXhol. The human light chain variable domains were amplified from 

50 an IgG-scFv library (WO 92/01047 example 42) using 50 ng of DNA as template with the primers fdSEQI and HuVHL- 
BACK in a standard PCR amplification. The products of both heavy and light chain amplifications were gel purified and 
used in a PCR assembly (1 ug each) for 7 cycles essentially as described above. Cycling conditions were 94'C 1 min, 
55'C 1 min and 72'C 2 min. After completing the assembly reaction the primers LMB3 and fdSEQI were added (20 
pmol each) and the PCR was continued for further 20 cycles. The assembled products were gel purified and digested 

55 with Ncol and Notl. Finally 1 ug of cut scFvs were ligated into 3 ug of the Ncol/Notl digested vector pHEN1 . The resulting 
library scFv was selected as described above (step 6). Finally individual clones were screened for binding to the V3 
loop peptide as mentioned before (step 7). 

[01 88] The end products are completely human scFv fragments with the same or very similar specificity as the parent 
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murine antibody F58. ie they bind to gp120 V3 loop but not to heterologous proteins. 
Example 4 

5 Isolation of human antibodies derived from the immune repertoire of an immunised mouse, by epitope imprinted 
selection 

[0189] This example describes the generation of human antibodies specific for TNF-alpha from an original library of 
mouse antibodies derived from an immunised mouse by successive rounds of chain shuffling, illustrating a further 
io embodiment of the present invention. The method depends upon the fact that an intermediate VH/VL combination, 
where one chain is mouse and the other is human, binds to the antigenic epitope to which the original mouse VHA/L 
pairings are directed. 

[0190] In this example, it is preferable to increase the frequency of antibodies to the antigen, here TNF-alpha, in the 
mouse library by preselecting the mouse library for binding to the antigen. This population of mouse antibodies can 

15 then be humanised by chain shuffling. The VH chains from the selected mouse population are kept fixed and assembled 
with a set of human VL chains from a naive human library. This mouse VH/human VL library is then subjected to rounds 
of selection for binders to the antigen of interest. This selected population of semi-humanised antibodies is then fully 
humanised by pairing these human VLs with human VHs again derived from a naive human library. The resulting library 
can then be selected for binders specific for the antigen. Conversely in the first instance mouse VL chains can be fixed 

20 and assembled with human VH chains, and after selection for binding to antigen fully humanised by pairing the isolated 
human VH chains with VL from the naive human library. 

1 . Preparation of singe chain Fv phage display library from an immunised mouse 

25 [0191] RNA is extracted from lymphocytes prepared from the spleen of a mouse hyperimmunised with TNF-alpha. 
DNA sequences encoding variable regions of the heavy and light chains are amplified by PCR and assembled as single 
chain Fv fragments as described in WO 92/01047. Sites are incorporated into the 5' and 3' ends for restriction endo- 
nucleases ApaLI and Notl. Following digestion with ApaLI and Notl the assembled DNA is ligated into ApaLI/Notl di- 
gested pCANTAB3-myc (Figure 12) and electroporated into E.coli TGI cells and plated on ampicillin selection media 

30 (see protocol (h) below). 

2. Selection of phage displaying mouse scFv fragments binding to TNF 

[0192] Phagemids are rescued by superinfection with M13K07 helper phage and precipitated using 1/5 volume 20% 
35 polyethylene glycol/2.5 M NaCI. A selected population of TNF-alpha binding phage antibodies is prepared by panning 
the phage antibodies on TNF-alpha coated immunosorb tubes (1 mL, 10ug/mL in PBS) and eluting with 1 mL 100mM 
triethylamine for 5 minutes followed by neutralisation with 0.5 mL TRIS (1 M, pH 7.4). 

[0193] The eluted phage is used to infect 10 mL TGI cells in logarithmic growth for 30 minutes at 37'C and plated 
for ampicillin resistant colonies. The resulting colonies are scraped into 2YT media and rescued with M13K07. Phage 
40 antibodies are selected once again on TNF-alpha coated immunosorb tubes as above. E.coli TGI cells are infected 
with the eluted phage and plated and ampicillin resistant colonies are scraped into 2YT media and glycerol added to 
15% and stored at -70'C. The frequency of clones binding to TNF in the selected population is checked at this stage 
by ELISA as described in example 1. 

45 3. Preparation of DNA as source of fragments for chain shuffling 

Human heavy and light chain DNA 

[0194] A library encoding scFv fragments derived from the V genes of unimmunised humans has been constructed 
50 in the vector pHENI (WO 92/01047, example 42). 

DNA preparation 

[0195] Miniprep DNA was prepared by alkaline lysis from the colonies of the second round of selection (mouse DNA) 
55 and from the naive human library (human DNA). 

[0196] Approximately 5 x 10 7 cells from glycerol stocks are grown overnight at 30'C in 10 mL 2YT media containing 
100 ug/mL ampicillin, 2% glucose. The cells are pelleted by centrifugation (3500 rpm, 15 minutes) and DNA prepared 
from the cell pellet by alkaline lysis using a commercially available kit (Promega). 
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4. Preparation of DNA encoding chain shuffled scFv fragments 
[0197] The following primers are used: 



LMB3 


5'CAG 


GAA 


ACA 


GCT 


ATG 


AC 


3' 




SEQ 


ID 


NO: 


122 


FDTSEQ1 


5'GTC 


GTC 


TTT 


CCA 


GAC 


GTT 


AGT 


3' 


SEQ 


ID 


NO: 


123 


PCRHLINK 


5'ACC 


GCC 


AGA 


GCC 


ACC 


TCC 


GCC 


3' 


SEQ 


ID 


NO: 


124 


LINKPCRL 


5' GGC 


GGA 


GGT 


GGC 


TCT 


GGC 


GGT 


3 


SEQ 


ID 


NO: 


125 



[0198] LMB3 and FDTSEQ1 anneal, respectively, to sequences 5' and 3' flanking the antibody cloning sites of the 
pCANTAB series of vectors. PCRHLINK and LINKPCRL and anneal with the sequence encoding the (gly4ser3) peptide 

is linker. Using the primers in pairs LMB3/PCRHLINK and FDTSEQ 1 /LI NKPCRL in PCT amplifications, heavy and light 
chain fragments will be generated that have complementary 3'/5* ends and restriction recognition sites at the 573' ends. 
[0199] In this procedure the human library described by Marks et al., 1991 (supra) is used as the source of heavy 
chain and light chain variable domain encoding DNA. The following chain shuffling protocol is used for each shuffle. It 
is followed once for, e.g. shuffling human naive light chain variable domains with the mouse heavy chain variable 

20 domains and then again with the selected human light chain variable domains with the human naive heavy chain 
variable domains. The DNA encoding shuffled scFv fragments produced by this procedure is inserted into 
pCANTAB3-myc or pCANTAB5-myc (Figl3) depending on whether mouse VH genes or human VH genes have been 
used in the shuffle respectively. 

25 (a) Primary PCR 

[0200] Prepare primary heavy and light chain products in the following reactions: 



HEAVY 


LIGHT 


Miniprep DNA (e.g.mouse) 


2ng 


Miniprep DNA (e.g. human) 


2ng 


LMB3 primer (10pmoles/uJ) 


2.5uJ 


FDTSEQ1 primer (10pmoles/uJ) 


2.5uJ 


PCRHLINK primer (10pmoles/uJ) 


2.5uJ 


LINKPCRL primer (10pmoles/uJ) 


2.5uJ 


10X PCR 




10X PCR 




reaction buffer 1 


S.Ojd 


reaction buffer 1 


5.0|xl 


5mM each dNTP's 


2.5uJ 


5mM each dNTP's 


2.5uJ 


Taq polmerase (5U/uJ) 


0.3uJ 


Taq polymerase (5U/uJ) 


0.3uJ 


water 


37u.l 


water 


37uJ 



The "reaction buffer" is 10X PCR reaction buffer: 0.1M TRIS pH 8.3, 0.5M KCI, 15 mM MgCI 2> 0.1% gelatine. PCR 
conditions are 25 cycles of 94'C 1 minute, 60'C 1 minute, 72'C 2 minutes with a final 10 minutes at 72'C . 

(b) Product purification 

[0201] Primary PCR products are purified on agarose gels and purified using 5ul of "glass milk" (Geneclean, Bio 
101) with two elutions in water of 10ul each. 

(c) Assembly by PCR 

[0202] Assembly is carried out as followsY 



purified heavy 


2.5ul 


purified light 


2.5ul 


1 0X reaction buffer 


2ul 


5m M each dNTP's 


1.0ul 


Taq polymerase 


0.2ul 
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(continued) 



water 



37ul 



[0203] PCR conditions are 25 cycles of 94'C 1 minute and 65'C for 4 minutes, followed by a final 1 0 minutes at 72'C. 
The PCR conditions given for the primary PCR will also work, but 65'C is preferred for the linkage reaction. 



(d) Secondary PCR 



10 [0204] For secondary PCRs use lul of the linked material from (c) as template. Set the reaction up as follows: 



linked PCR product 


1uJ 


LMB3 primer 10pmoles/uJ) 


2.5)11 


FDTSEQ1 primer (10pmoles/uJ) 


2.5uJ 


10X PCR reaction buffer 


5.0uJ 


5mM each dNTP's 


2.5uJ 


Taq polmerase (5U/uJ) 


0.3uJ 


water 


37uJ 



20 

[0205] PCR conditions are 25 cycles of 94'C 1 minute, 60'C 1 minute, 72'C 2 minutes with a final 1 0 minutes at 72'C. 
(e) Digestion of secondary PCR product (insert) 

25 [0206] Extract the secondary PCR product with phenolxhloroform and ethanol precipitate, to remove Taq polymer- 
ase. Dissolve the PCR product in 270ul of water, add 30ul of 10X reaction buffer. Add 50 units Notl and digest at 37'C 
for 3 hours. Extract with phenolxhloroform and ethanol precipitate. Resuspend the pellet in 270uL water, and add 30 
uL 10X reaction buffer. If the VH used is human use Sfil (50 units) and digest overnight at 50'C, whereas if the VH is 
mouse use ApaLI (50 units) and digest overnight at 37'C. 

30 [0207] 10X ApaLI buffer: 0.5M potassium acetate, 0.2M TRIS-acetate, 100mM magnesium acetate, lOmM dithioth- 
reitol (pH 7.9 @ 25'C). 

[0208] 10X Notl buffer: 1.5M NaCI, 100mM TRIS-HCI, 100mM MgCI 2 , 0.1% Triton X-100 (pH 7.9 @ 25'C). 
[0209] 10X Sfil buffer: 0.5M NaCI, 100mM TRIS-HCI, 100mM MgCI 2 , lOmM dithiothreitol (pH 7.9 @ 25'C). 

35 (f ) Purification of digested product 

[0210] The digest is treated with phenol :chloroform, ethanol precipitated and dissolved in 20 ul water. The product 
is run out on a 1.5% agarose gel, the band at approximately 750 bp is excised from the gel and purified using a 
geneclean kit. The DNA is eluted into a final volume of 10-15ul water and is ready for cloning. 

40 

5. Preparation of vector DNA and cloning 
Preparation of vector DNA 

45 [0211] Plasmid DNA is prepared by the alkaline lysis method and is purified by cesium chloride centrifugation. The 
purified DNA is digested using a DNA concentration of 100ug/ml with Sfil (for pCANTAB5-myc) or ApaLI (for 
pCANTAB3-myc) according to manufacturers instructions (50'C for Sfil, overnight if convenient) followed by a 3 hour 
digestion with Not 1 . The digestion product is loaded on directly on to a Chromaspin 1000 column to remove the stuffer 
fragment and spun for 3 minutes at 2200 r.p.m. in a bench top centrifuge . The DNA was then phenohchloroform 

so extracted and dissolved at 100ug/ml for use. 

Ligation and transformation 

[0212] Ligations are carried out using an Amersham ligation kit as follows: 

55 



Vector DNA 


1uJ(1 OOng) 


insert DNA 


2uJ( 10-50ng) 
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(continued) 


10mMMgCI, 200mM Tris pH7.4 


3uJ 


buffer A 


24uJ 


buffer B 


6m.I 



[021 3] Incubate for 30-60 minutes at 1 6'C. For library preparation, use 5 times the volumes shown above. The ligation 
product is concentrated and purified using Geneclean and eluted into a volume of 1 0-1 5 ul of water. This is introduced 
into electrocompetent TGI cells where typical transformation efficiencies are as follows: 

70 

pUC1 19 1 .6 X 1 0 9 transformants/uxj 

ligated vector with insert 1 .0 X 1 0 7 transformants/u.g 
ligated vector without insert 2.0 X 1 0 6 transformants/ng 

15 " 

6. Selection of chain shuffled clones 

[0214] After each chain shuffling procedure clones which bind to TNF-a are selected by the procedure described in 
2 above for selection from the mouse antibody library and binding assayed by ELISA. 

20 

7. Further shuffles 

[0215] Following the initial shuffle e.g. of a selected population of mouse heavy chain variable domains with human 
naive light chain variable domains, the selected clones from this first shuffle are used as a source of miniprep DNA to 
2S repeat the chain shuffling and cloning procedure described in 4 and 5 above, e.g. with the human naive heavy chain 
variable domains of the library derived in WO 92/01047, example 42. Selection is then performed on this second 
shuffled library to isolate fully humanised antibodies binding to TNF-alpha derived by this repertoire imprinted selection 
procedure. 

30 Example 5: Creation of a Synthetic Library 

[0216] By display of antibody repertoires on the surface of filamentous phage and selection of the phage with 
antigen 1 , we can mimic immune selection 2 - 3 and make human antibodies from the rearranged V-genes of unimmunised 
donors 4 . Human antibodies have now been made by synthesis from defined V-gene elements. A repertoire of 49 human 

3S germ line V H gene segments was rearranged in vitro by joining to a synthetic "D-segment" of five random amino acid 
residues and a J-segment, to create a synthetic third complementarity determining region 5 (CDR) of eight residues. 
The rearranged V H genes were cloned with a human VX3 light chain as single-chain Fv fragments for phage display. 
The library of 10 7 phages was panned with a hapten 2-phenyl-oxazol-5-one (phOx) conjugate to bovine serum albumin 
(BSA), and phage isolated that encoded fragments with specific binding activity to phOx-BSA, and with affinities to 

40 phOx-gamma-aminobutyric acid (phOx-GABA) in the micromolar range. Comparison of twenty one clones with unique 
sequences showed that the in vitro "immune response" to the hapten was largely restricted to the V H 26 segment (V H 3 
family)* with an invariant aromatic residue (Tyr, Phe, Trp) at residue 98 of CDR3. The use of V-genes rearranged in 
vitro may allow the design of antibody libraries biased towards the binding of antigens of known structure, and the 
creation of therapeutic human antibodies with reduced immunogenicity. 

45 [0217] Antibody variable domains consist of a p-sheet framework with three loops of hypervariable sequence or 
CDRs 5 The loops create antigen binding sites of a variety of shapes, ranging from flat surfaces 7 to pockets 8 . For 
human heavy chains, the sequence diversity of the first two CDRs are encoded by a repertoire of about fifty germ line 
V H segments. (I.M. Tomlinson et al., supra). The third CDR is generated from the recombination of these segments 
with about thirty D and six J segments 9 , and although its sequence is highly variable, it often includes a salt bridge 

so from Asp1 01 of the loop to Arg94 of the framework 1 °. The structures and lengths of the first two CDRs are restricted 1 o^ 11 , 
but those of CDR3 differ greatly, with lengths ranging from 4 to 25 residues 5 . 

[0218] A library was created of rearranged V H genes with a CDR3 of eight residues including AsplOI, in combination 
with a single VX (ref.12) light chain. Forty nine germ line V H segments encoding most of the human V H repertoire 
(Tomlinson et al., supra) were each amplified using the polymerase chain reaction 13 and oligonucleotide primers that 
55 introduce a synthetic D-segment (of 1 5 bases of random sequence at the 3' end of the V H segment) and a J-segment, 
together encoding a CDR3 loop of eight residues (Fig. 1 4). The rearranged segments were pooled and cloned for phage 
display with a human W.3 light chain, creating a synthetic library of 10 7 phage clones. Like the immune system, the 
synthetic library of 10 7 phage clones can tap only a small fraction of the potential diversity. Thus the diversity is poten- 
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tially 49 x 32 s = 1 .6 x 10 9 different nucleotide sequences, or 49 x 20 5 = 1 .6 x 10 8 different amino acid sequences. 
[0219] The library was subjected to four rounds of growth and panning on phOx-bovine serum albumin (BSA) coated 
tubes, and clones screened as soluble 14 single chain Fv fragments 1516 for binding activity to phOx-BSA by ELISA 4 . 
After the third and fourth rounds, 14/96 and 61/96 clones respectively were identified with binding activities to phOx- 
5 BSA and of these (29 tested) none bound to other proteins (see legend Table 4). Furthermore their binding to phOx- 
BSA coated plates could be competed with the soluble hapten (Table 4). 

[0220] Sequencing revealed that many (21/29) of the phOx binders were unique, with an eight residue CDR3, and 
utilised either a segment from the V H 4 family, or one of three segments from the V H 3 family (Table 4). Together these 
segments use three of the seven "canonical" folds available to the first two hypervariable loops of human V H segments. 
10 (C. Chothia, et ai., supra). The majority of the unique clones (16/21) were derived from the VH26 segment 6 and have 
related sequences in the third hypervariable loop: in this group the first residue tends to have a branched aliphatic side 
chain (15/16), the second residue tends to be lysine or arginine (11/16), while the fourth residue is always an aromatic 
residue (most frequently tyrosine). 

[0221] The affinities (K d ) of two of the stronger binders (Ox 1 3 and Ox-31 , Table 4) for phOx-GABA were determined 

J 5 by fluorescence quench titration 17 as 3.1 ± 0.2 uJvl and 6.7 ± 0.7 \M respectively. Although the synthetic antibody 
library lacks the diverse VH-CDR3 lengths and the different light chains of antibodies made in vivo, the affinities for 
phOx-GABA compare with 0.5 u.M for a (phage) antibody made from unimmunised human donors 4 , or 1 u.M for several 
hybridomas from a mouse primary immune response 18 (but see caveat, Table 3 legend). To improve these affinities, 
one could systematically alter (see below) the many different phOx antibodies selected (Table 3). 

20 [0222] In principle, the use of phage display libraries of V-genes rearranged in vitro offers an attractive alternative 
to those rearranged in vivo 4 . Firstly the framework regions and first two hypervariable loops of both heavy and light 
chains of the synthetic human antibodies created from the library are essentially germ line. This contrasts with the 
"primary" phage antibodies tapped from human V-genes rearranged in vivo, in which the extent of somatic mutation 
varied widely 4 . Leaving aside polymorphism, the VH gene segments are identical in different individuals, and the syn- 

25 thetic antibodies are potentially less immunogenic. By altering the lengths and sequences of the heavy and light chain 
CDR3 loops, or by localising the minimal mutations in the other CDR loops, or by shuffling with synthetic "germ line" 
light chains 19 - 20 , it may be possible to improve their affinities while retaining their germ line character 
[0223] Secondly both kinds of libraries are highly biased. In the "natural" libraries, the bias is outside our control, 
and is imposed for example by allelic variation, deletion polymorphism and deletion of self-reactive clones. In the 

30 synthetic library, the bias can be introduced systematically. Here for example, all the VH-gene segments, were chosen 
and thereby the folding of the first and second hypervariable loops: also fixed were the length and diversity of VH- 
CDR3 and the light chain. Although several ways of making diverse synthetic libraries have been suggested 2 , it should 
also be possible to incorporate design principles into the encoded structures. If the shape of the antigen were known, 
an envelope of roughly complementary binding sites might be designed and built with defined V-gene elements. Use 

3S of such "designer" libraries would favour the isolation of antibodies with higher affinities. 



Table 3 





Family 


No. of genes 


VH segments* 


Library x 10- 6 


size (%) 


40 


""Vh'i 


14 


1-5,7,8,10,12, 14,15,20,21,25 


2.3 


"(20) 




V H 2 


1 


27 


1.0 


(9) 




V H 3 


23 


29-33,35,38-40, 42,44-54,58,59 


2.1 


(19) 




V H 4 


9 


63-71 


2.6 


(23) 




V H 5 


1 


73 


1.4 


(12) 


45 


V H 6 


1 


74 


1.9 


(17) 




Total: 


49 




11" 3 


"(Too) 



•for simplicity Vj_| segments are listed according to DP nomenclature of Tomlinson et al., supra. 



Table 3 - Composition of the synthetic library 

[0224] Forty nine human V H segments (Tomlinson et al, supra) were used, one for each of the V H 2, V H 5 and V H 6 
gene families and multiple segments for the other three families, and cloned according to family. Clones from the V H 
segments of each family (see legend Fig.1 ) were checked for presence of insert (on average 85%) and pooled into a 
single large library as in Table 4, creating a (controlled) bias for certain gene families. The segments from the V H 2, 
V H 5, V H 6 families are thereby "overrepresented" with respect to the segments from other families. Sequencing of thirty 
five clones from the unselected library confirmed that V H segments from each family were present, and that the nucle- 
otides were present in the expected ratios in the D-segment, but with a slight bias for C. (At the first and second position 
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of each codon, A, 21 .3%; G, 17.9%; C33.7% and T, 27. 1%; at the third position, G, 42.6% and T, 57.4%). The expression 
levels of the antibody fragments were also checked, and V H segments were identified in clones with detectable ex- 
pression levels, for example V H 1 (DP-7), V H 2 (DP-27), V H 3 ( DP-29,35,38,44,47,51,53). V H 4 (DP-63,69), V H 5 (DP- 
73) and V H 6 (DP-74). 

Methods 

[0225] The clones were checked for presence of insert by 'PCR-screening' 21 with oligonucleotides LMB3 and pHEN- 
SEQ (ref .4) and sequenced from double-stranded DNA by the dideoxy chain termination method 22 with oligonucleotide 
LINKSEQ (5'-CGA TCC GCC ACC GCC AGA G-3'). (The numbers in the tables are corrected for insert). Expression 
of soluble scFv fragments was checked by spotting 10uJ supernatant of induced overnight cultures in E. coli HB2151 
(ref.14) onto a nitrocellulose filter using a slot-blot device (Minifold II, Schleicher and Schuell), and detecting the bound 
peptide-tagged scFv fragments with 9E10 antibody 23 and peroxidase labelled anti-mouse antibodies (Sigma). 
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Clone 


Family 


Germline gene* 


Canonical Loop structure* 
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Ox-19 
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Ox-27 


II 
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1 
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V H 4 


DP-67 


2-1 


>400 


Ox-1 


II 




m 


>400 



* Tomlinson et al., supra, Chothia et al., supra. 

* in u.M, according to competition EL ISA with phOx-GABA. 
§ shows V67A mutation in FR3. 

II Not determined. 



Table 4 - phOx-binders isolated from the synthetic library 

[0226] Phage were prepared from the library by rescue with VCS-M13, and subjected to rounds of panning in phOx- 
BSA coated tubes as in ref.4. The sequences of 21 phage binding to phOx revealed four germ line VH segments, DP- 
42,45,47 (VH3 family) and DP-67 (VH4 family). DP-47 is identical to VH26 (ref.6, corrected in ref.24), while DP-42, 
DP-45 and DP-67 only differ in one or a few framework residues from 8-1 B (ref.25), 65-2 (ref.26) or VH4.22 (ref. 27) 
respectively. Clones from the unselected library using the DP47 V H segment and lacking the characteristic pattern of 
CDR3 did not bind to phOx. Of the 21 phOx binders tested, none bound to BSA, NIP-BSA, plastic, chymotrypsinogen 
A, cytochrome c, bovine thyroglobulin, keyhole limpet haemocyanin or turkey egg white lysozyme. Four clones that 
bound to BSA (but not to phOx) were found to be contaminants (aBSA3 clones, from ref.4). 
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Methods 

[0227] As in ref.4. The relative affinities of the scFv fragments were determined by inhibition ELISA 28 . A serial dilution 
of 4-gamma-amino-butyric acid methylene 2-phenyloxazol-5-one (phOx-GABA), with concentrations ranging from 6 

5 to 400jiM, was made in 4% Marvel-PBS, and scFv supernatant added. The concentration of phOx-GABA resulting in 
a 50% reduction ol the signal (l 50 ) for binding to phOx-BSA was noted. The affinities of the clones Ox-13 and Ox-31 
for phOx-GABA were determined by fluorescence quench titration using scFv purified by the c-myc tag (ref.4). Ideally, 
the affinity for the phOx-BSA conjugate would have been measured directly, or that for phOx-caproic acid, but phOx- 
GABA was used here to allow comparison with the hybridoma data of ref.18. The affinities of the antibodies for the 

to phOx conjugate, or for phOx-caproic acid are likely to be better than those measured for phOx-GABA. 

Figure 1 4 - Assembly of rearranged VH genes (see text) Methods 

[0228] A synthetic oligonucleotide SYNLIB1 5' GCC TCC ACC TCT CGA GAC GGT GAC CAG GGT ACC TTG GCC 
*s CCA ATA GTC AAA ([A/C]NN) 5 TCT TGC ACA GTA ATA CAC GGC CGT GTC 3* (SEQ ID NO: 109, see Table 1) 
introduced a D-segment with a five residue random amino acid sequence, a J-segment and an Xhol restriction site, to 
the 3' end of each of 49 human V H germline segments (Tomlinson et al., supra). The primer was used in the polymerase 
chain reaction 13 with a V H family based back primer (VHBACK) incorporating an Nco l site 4 . Each V H segment clone 
(provided as single stranded template in M1 3 vector) was amplified separately at 94°C for 1 min, 50°C for 1 min, and 
20 72°C for 1 .5 min, for 25 cycles, on a PHC-3 thermocycler (Techne). Each amplification was checked by electrophoresis 
on agarose gel, and similar amounts of DNA from V H segments of the same family were pooled, digested with Nco l 
and Xho l, and cloned into the vector pHENI (ref.14) carrying a rearranged VX3 light chain variable domain (IGLV3S1 ; 
ref.1 2) taken from a scFv fragment binding to BSA 4 . 

[0229] If, instead of a random oligonucleotide, an oligonucleotide encoding a CDR, eg rodent, is used, this would 
25 imprint that non-human CDR on the product synthetic human library. 
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Claims 

30 1. A method of producing antibody polypeptide dimers or scFv fragments specific for an antigen of interest, having 
the following steps: 

(i) providing nucleic acid expression vectors which are capable of being packaged using a component of a 
replicable genetic display package (rgdp); 

35 (ij) combining (a) a genetically diverse repertoire of nucleic acid sequences which each encode a first com- 

ponent part of an antigen-binding site of a human antibody with (b) nucleic acid which encodes a unique or 
genetically diverse population of a second component part of an antigen-binding site of a non-human antibody 
known to bind said antigen of interest, to form a library of nucleic acid sequences on said expression vectors 
encoding antibody polypeptide dimers of scFv fragments, which dimers or scFv fragments each consist of a 

40 first polypeptide chain component and a second polypeptide chain component, a first antigen-binding site 

component part and a second antigen-binding site component part in combination forming an antigen-binding 
site of an antibody polypeptide dimer or scFv fragment; 

(iii) expressing said library from said vectors in recombinant host organism cells, each of the said first polypep- 
tide chain components being expressed as a fusion with a component of an rgdp which thereby displays said 

45 first polypeptide chain component at the surface of rgdps; 

(iv) selecting from said expressed library by binding with antigen a unique or restricted population of said 
antibody polypeptide dimers or scFv fragments which have binding specificity for said antigen of interest, each 
selected antibody polypeptide dimer or scFv fragment being associated in its respective rgdp with nucleic acid 
encoding a said first component part of the antigen-binding site thereof. 

so 

2. A method according to claim 1 wherein said antibody polypeptide dimers or scFv fragments are expressed as 
soluble polypeptides after selection in step (iv). 

3. A method according to claim 1 or claim 2 wherein the sequence encoding each said second component part of 
ss non-human antibody is genetically altered to increase its homology to a second component part of a human anti- 
body prior to said combination in step (ii). 

4. A method according to any one of the preceding claims having an additional step (v) wherein antibody polypeptide 
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dimers or scFv fragments selected in step (iv) are genetically altered to remove or reduce non-human character- 
istics. 

5. A method according to claim 4 wherein step (v) comprises: 

(a) combining a unique or restricted population of nucleic acid encoding said first antigen-binding site compo- 
nent parts selected in step (iv) with a genetically diverse repertoire of nucleic acid sequences each encoding 
a second component part of an antigen-binding site of human antibody, to form a second library of nucleic 
acid sequences encoding antibody polypeptide dimers or scFv fragments, each antibody polypeptide dimer 
or scFv fragment comprising a second antibody polypeptide chain component which is expressed from nucleic 
acid which is capable of being packaged using a component of an rgdp, said second chain component being 
expressed as a fusion with a component of an rgdp which thereby display it at the surface of rgdps, so that 
antibody polypeptide dimers or scFv fragments specific for said antigen of interest, are selectable from said 
second library by binding with said antigen of interest, each antibody polypeptide dimer or scFv fragment being 
associated in its rgdp with nucleic acid encoding a second polypeptide component thereof. 

6. A method according to claim 4, wherein step (v) comprises: 

a) providing nucleic acid expression vectors which are capable of being packaged using a component of a 
replicable genetic display package (rgdp); 

b) combining nucleic acid which encodes a unique or genetically diverse population of a first component part 
of an antigen binding site of a non-human antibody known to bind said antigen of interest with a genetically 
diverse repertoire of nucleic acid sequences which each encode a second component part of an antigen- 
binding site of a human antibody, to form a second library of nucleic acid sequences on said expression vectors 
encoding antibody polypeptide dimers or scFv fragments, which dimers or scFv fragments each consist of a 
first polypeptide chain component and a second polypeptide chain component, a first antigen-binding site 
component part and a second antigen-binding site component part in combination forming an antigen-binding 
site of an antibody polypeptide dimer or scFv fragment; 

c) expressing said second library from said vectors in recombinant host organism cells, each of the said second 
polypeptide chain components being expressed as a fusion with a component of an rgdp which thereby dis- 
plays said second polypeptide chain component at the surface of rgdps; 

d) selecting from said second expressed library by binding with antigen a unique or restricted population of 
said antibody polypeptide dimers or scFv fragments which have binding specificity for said antigen of interest, 
each selected antibody polypeptide dimer or scFv fragment being associated in its respective rgdp with nucleic 
acid encoding a said second component part of the antigen-binding site thereof; 

e) combining a unique or restricted population of nucleic acid encoding said first antigen-binding site compo- 
nent parts selected in step (iv) with the unique or restricted population of nucleic acid encoding said second 
antigen-binding site component parts selected in step (d), to form a third library of nucleic acid sequences 
encoding antibody polypeptide dimers or scFv fragments, from which a unique or restricted population of 
human polypeptide dimers or scFv fragments specific for said antigen are selectable. 

7. A method according to any one of the preceding claims wherein said second component part of an antigen-binding 
site of a non-human antibody is an antibody region which makes contact with antigen. 

8. A method according to claim 7 wherein said region is a complementarity determining region (CDR). 

9. A method according to any one of claims 1 to 6 wherein said second component part of an antigen-binding site of 
a non-human antibody is a second polypeptide chain component of an antibody. 

10. A method of producing human antibody polypeptide dimers or scFv fragments specific for an antigen of interest, 
comprising 

(i) combining a diverse population of polypeptides each comprising a variable domain of a first polypeptide 
chain of a human antibody (population A) with a unique or restricted population of polypeptides each comprising 
a variable domain of a second polypeptide chain of a non-human antibody specific for said antigen (population 
B), thereby forming a library of antibody polypeptide dimers or scFvf ragments each consisting of a polypeptide 
which comprises a variable domain of a first polypeptide chain of a human antibody and a polypeptide which 
comprises a variable domain of a second polypeptide chain of a non-human antibody; 
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(ii) selecting from said library a unique or restricted population of said antibody polypeptide dimers or scFv 
fragments which have binding specificity for said antigen (population C); 

(iii) combining a unique or restricted population of polypeptides derived from polypeptide dimers or scFv frag- 
ments selected in step (ii) each comprising a human first polypeptide chain (population D) with a diverse 

5 population of polypeptides each comprising a variable domain of a second polypeptide chain of a human 

antibody (population E), thereby forming a library of human antibody polypeptide chain dimers or scFv frag- 
ments from which a unique or restricted population of human antibody polypeptide dimers or scFv fragments 
specific for said antigen (population F) are selectable. 

io 11. A method according to claim 10 wherein: 

(a) said polypeptides of population A are each expressed from a vector (X) in recombinant host organism cells 
as a fusion with a component of a replicable genetic display package (rgdp) which thereby displays said 
polypeptide at the surface of rgdps in a first population of rgdps; 
is (b) nucleic acid of said vector (X) is capable of being packaged using said rgdp component, whereby the 

genetic material of each said rgdp encodes a said polypeptide of population A, so that the antibody polypeptide 
dimers or scFv fragments of population C are each associated in their respective rgdp with nucleic acid en- 
coding a polypeptide comprising a variable domain of a first polypeptide chain of a human antibody; 

(c) each of said polypeptides of population E is expressed from a vector (Y) in recombinant host organism 
20 cells as a fusion with a component of a rgdp which thereby displays it at the surface of rgdps in a second 

population of rgdps; and 

(d) nucleic acid of said vector (Y) is capable of being packaged using said rgdp component, whereby the 
genetic material of each said rgdp in the second population of rgdps encodes a said polypeptide of population E. 

25 12. A method according to claim 10 or claim 11 wherein said population A is not expressed from the same vector as 
said population B; and said population D is not expressed from the same vector as said population E. 

13. A method according to claim 10 or claim 11 wherein said population A is expressed from the same vector as said 
population B; and said population D is expressed from the same vector as said population E. 

30 

14. A method according to claim 10 or claim 11 wherein polypeptides of said population B are chimaeric, each com- 
prising a human antibody constant domain. 

15. A method according to claim 10 or claim 11 wherein the polypeptides of said population E each comprise region 
35 from a non-human antibody specific for said antigen, which region is one which makes contact with antigen. 

16. A method according to claim 15 wherein said region is a complementarity determining region (CDR). 

17. A method according to claim 16 wherein said CDR is CDR3. 

40 

18. A method according to any one of claims 10 to 17 wherein said first polypeptide chain is antibody light chain, said 
second polypeptide chain being antibody heavy chain. 

19. A method of producing human antibody polypeptide dimers or scFv fragments specific for an antigen of interest, 
45 comprising 

i) combining a diverse population of polypeptides each comprising a variable domain of a first polypeptide 
chain of a human antibody (Population A) with a unique or restricted population of polypeptides each com- 
prising a variable domain of a second polypeptide chain of a non-human antibody specific for said antigen 

so (population B), thereby forming a library of antibody polypeptide dimers or scFv fragments each consisting of 

a polypeptide which comprises a variable domain of a first polypeptide chain of a human antibody and a 
polypeptide which comprises a variable domain of a second polypeptide chain of a non-human antibody; 

ii) selecting from said library a unique or restricted population of said antibody polypeptide dimers or scFv 
fragments which have binding specificity for said antigen (population C); 

55 iii) combining a unique or restricted population of polypeptides each comprising a variable domain of a first 

polypeptide chain of a non-human antibody specific for said antigen (population H) with a diverse population 
of polypeptides each comprising a variable domain of a second polypeptide chain of a human antibody (Pop- 
ulation I), thereby forming a second library of antibody polypeptide dimers or scFv fragments each consisting 
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of a polypeptide which comprises a variable domain of a first polypeptide chain of a non-human antibody and 
a polypeptide which comprises a variable domain of a second polypeptide chain of a human antibody; 
Iv) selecting from said second library a unique or restricted population of said antibody polypeptide dimers or 
scFv fragments which have binding specificity for said antigen (population J) 

v) combining a unique or restricted population of polypeptides derived from polypeptide dimers or scFv frag- 
ments selected in step (ii) each comprising a human first polypeptide chain (population K) with a unique or 
restricted population of polypeptides derived from polypeptide dimers or scFv fragments selected in step (iv) 
each comprising a human second polypeptide chain (population L), thereby forming a library of human antibody 
polypeptide chain dimers or scFv fragments from which a unique or restricted population of human polypeptide 
dimers or scFv fragments specific for said antigen (population F) are selectable. 

20. A method according to claim 1 9 wherein: 

(a) said polypeptides of population A are each expressed from a vector (X) in recombinant host organism cells 
as a fusion with a component of a replicable genetic display package (rgdp) which thereby displays said 
polypeptide at the surface of rgdps in a first population of rgdps; 

(b) nucleic acid of said vector (X) is capable of being packaged using said rgdp component, whereby the 
genetic material of each said rgdp encodes a said polypeptide of population A, so that the antibody polypeptide 
dimers or scFv fragments of population C are each associated in their respective rgdp with nucleic acid en- 
coding a polypeptide comprising a variable domain of a first polypeptide chain of a human antibody; 

(c) each of said polypeptides of population I is expressed from a vector (Z) in recombinant host organism cells 
as a fusion with a component of a rgdp which thereby displays it at the surface of rgdps in a second population 
of rgdps; and 

(d) nucleic acid of said vector (Z) is capable of being packaged using said rgdp component, whereby the 
genetic material of each said rgdp in the second population of rgdps encodes a said polypeptide of population I . 

21. A method according to claim 1 9 or claim 20 wherein said population A is not expressed from the same vector as 
said population B; and said population H is not expressed from the same vector as said population I. 

22. A method according to claim 1 9 or claim 20 wherein said population A is expressed from the same vector as said 
population B; and said population H is expressed from the same vector as said population I. 

23. A method according to claim 1 9 or claim 20 wherein polypeptides of any one of said populations B and H are 
chimaeric, each comprising a human antibody constant domain. 

24. A method according to claim 19 or claim 20 wherein the polypeptides of said population I each comprise region 
from a non-human antibody specific for said antigen, which region is one which makes contact with antigen. 

25. A method according to claim 24 wherein said region is a complementarity determining region (CDR). 

26. A method according to claim 25 wherein said CDR is CDR3. 

27. A method according to any one of claims 1 9 to 26 wherein said first polypeptide chain is antibody light chain, said 
second polypeptide chain being antibody heavy chain. 

28. A method according to any of claims 1 0 to 27 comprising an additional step of selecting said population F of human 
antibody polypeptide dimers or scFv fragments specific for said antigen. 

29. A method according to any one of claims 10 to 28 wherein any one of said populations C and F is selected by 
binding with said antigen. 

30. A method according to any one of claims 19 to 30 wherein population I is selected by binding with said antigen. 

31. A method according to any one of the previous claims wherein each antibody polypeptide dimer of any of said 
libraries of antibody polypeptide dimers is expressed as a Fv or Fab fragment. 

32. A method according to any of claims 1 to 9 wherein nucleic acid encoding a selected antibody polypeptide dimer 
or scFv fragment or a said component part from an associated rgdp is used to express the encoded antibody 
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polypeptide dimer or scFv fragment or a said component part or is modified and used to express a derivative of 
the encoded antibody polypeptide dimer or scFv fragment or a said component part by way of addition, deletion, 
substitution or insertion of amino acids or linkage of another molecule. 

s 33. A method according to claim 32 wherein the expressed antibody polypeptide dimer or scFv fragment or derivative 
thereof is used to prepare a medicament. 

34. A method according to claim 28 wherein a human antibody polypeptide dimer or scFv fragment specific for said 
antigen selected from said population F is used to prepare a medicament. 

10 

PatentansprQche 

1. Verfahren zur Herstellung von Antikdrper-Polypeptid-Dimeren oder scFv-Fragmenten, die fur ein Antigen von In- 
15 teresse spezifisch sind, folgende Schritte umfassend: 

(i) das Bereitstellen von Nukleinsaure-Expressionsvektoren, die unter Verwendung einer Komponente eines 
replizierbaren Gen-Freilegungspakets ("replicable genetic display package", RGDP) zu Paketen zusammen- 
gefaGt werden konnen, 

20 (jj) das Kombinieren (d) eines genetisch vielfaltigen Repertoires von Nukleinsauresequenzen, die jeweils fur 

eine erste Teilkomponente einer Antigen-Bindungsstelle eines menschlichen Antikorpers kodieren mit (b) Nu- 
kleinsaure, die fur eine einzigartige oder genetisch vielfaltige Population einer zweiten Teilkomponente einer 
Antigen-Bindungsstelle eines nicht-menschlichen Antikorpers kodiert, der bekanntermaBen das Antigen von 
Interesse bindet, urn eine Sammlung von Nukleinsauresequenzen auf den Expressionsvektoren zu bilden, 

25 die fur Antikorper-Polypeptid-Dimere von scFv-Fragmenten kodieren, wobei die Dimere oder scFv-Fragmente 

jeweils aus einer ersten Polypeptidketten-Komponente und einer zweiten Polypeptidketten-Komponente be- 
stehen, wobei eine erste Antigen-Bindungsstellen-Teilkomponente und eine zweite Antigen-Bindungsstellen- 
Teilkomponente in Kombination eine Antigen-Bindungsstelle eines Antikorper-Polypeptid-Dimers oder scFv- 
Fragments bilden; 

30 (Hi) das von den Vektoren ausgehende Exprimieren der Sammlung in rekombinanten Wirtsorganismuszellen, 

wobei jede der ersten Polypeptidketten-Komponenten als Fusion mit einer Komponente eines RGDPs expri- 
miert wird, wodurch die erste Polypeptidketten-Komponente an der Oberflache der RGDPs freigelegt wird; 
(iv) das Selektieren einer einzigartigen oder eingeschrankten Population der Antikorper-Polypeptid-Dimere 
oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen von Interesse aufweisen, aus der exprimierten 

35 Sammlung durch Bindung an Antigen, wobei jedes selektierte Antikdrper-Polypeptid-Dimer oder scFv-Frag- 

ment in seinem jeweiligen RGDP mit Nukleinsaure verbunden ist, die fur eine erste Teilkomponente seiner 
Antigen-Bindungsstelle kodiert. 

2. Verfahren nach Anspruch 1 , worin die Antikorper-Polypeptid-Dimere oder scFv-Fragmente nach der Selektion in 
40 Schritt (iv) als losliche Polypeptide exprimiert werden. 

3. Verfahren nach Anspruch 1 oder 2, worin die fur jede der zweiten Teilkomponenten eines nicht-menschlichen 
Antikorpers kodierende Sequenz vor dem Kombinieren in Schritt (ii) genetisch verandert wird, urn ihre Homologie 
zu einer zweiten Teilkomponente eines menschlichen Antikorpers zu erhohen. 

45 

4. Verfahren nach einem der vorangegangenen Anspruche, das einen zusatzlichen Schritt (v) umfaftt, worin in Schritt 
(iv) selektierte Antikorper-Polypeptid-Dimere oder scFv-Fragmente genetisch verandert werden, urn nicht- 
menschliche Merkmale zu entfernen oder zu verringern. 

50 5. Verfahren nach Anspruch 4, worin Schritt (v) folgendes umfaGt: 

(a) das Kombinieren einer einzigartigen oder eingeschrankten Population von Nukleinsaure, die fur die in 
Schritt (iv) selektierten ersten Antigen-Bindungsstellen-Teilkomponenten kodiert, mit einem genetisch vielfal- 
tigen Repertoire von Nukleinsauresequenzen, die jeweils fur eine zweite Teilkomponente einer Antigen-Bin- 
55 dungsstelle eines menschlichen Antikorpers kodieren, urn eine zweite Sammlung von Nukleinsauresequenzen 

zu bilden, die fur Antikorper-Polypeptid-Dimere oder scFv-Fragmente kodieren, wobei jedes Antikorper-Poly- 
peptid-Dimer oder scFv-Fragment eine zweite Antikorper-Polypeptidketten -Komponente umfaGt, die aus Nu- 
kleinsaure exprimiert wird, die unter Verwendung einer Komponente eines RGDPs zu einem Paket zusam- 
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mengefaBt werden kann, wobei die zweite Ketten -Komponente als Fusion mit einer Komponente eines RGDPs 
exprimiert wird, wodurch sie an der RGDP-Oberflache freiliegt, so daB Antikorper-Polypeptid-Dimere Oder 
scFv-Fragmente, die fur das Antigen von Interesse spezifisch sind, aus der zweiten Sammlung durch Bindung 
an das Antigen von Interesse selektierbar sind, wobei jedes Antikorper-Polypeptid-Dimer Oder scFv-Fragment 
5 in seinem RGDP mit Nukleinsaure verbunden ist, die fur seine zweite Polypeptid-Komponente kodiert. 

6. Verfahren nach Anspruch 4, worin Schritt (v) folgendes umfaBt: 

a) das Bereitstellen von Nukleinsaure-Expressionsvektoren, die unter Verwendung einer Komponente eines 
io replizierbaren Gen-Freilegungspakets (RGDP) zu Paketen zusammengefaBt werden konnen; 

b) das Kombinieren von Nukleinsaure, die fur eine einzigartige oder genetisch vielfaltige Population einer 
ersten Teilkomponente einer Antigen-Bindungsstelle eines nicht-menschlichen Antikorpers kodiert, der be- 
kanntermaBen das Antigen von Interesse bindet, mit einem genetisch vielfaltigen Repertoire von Nukleinsau- 
resequenzen, die jeweils fur eine zweite Teilkomponente einer Antigen-Bindungsstelle eines menschlichen 

is Antikorpers kodieren, urn eine zweite Sammlung von Nukleinsauresequenzen auf den Express ionsvektoren 

zu bilden, die fur Antikorper-Polypeptid-Dimere oder scFv-Fragmente kodieren, wobei die Dimere oder scFv- 
Fragmente jeweils aus einer ersten Polypeptidketten-Komponente und einer zweiten Polypeptid ketten-Kom- 
ponente bestehen, wobei eine erste Antigen-Bindungsstellen-Teilkomponente und eine zweite Antigen-Bin- 
dungsstellen-Teilkomponente in Kombination eine Antigen-Bindungsstelle eines Antikorper-Polypeptid-Di- 

20 mers Oder scFv-Fragments bilden; 

c) das von den Vektoren ausgehende Exprimieren der zweiten Sammlung in rekombinanten Wirtsorganismus- 
zellen, wobei jede der zweiten Polypeptidketten-Komponenten als Fusion mit einer Komponente eines RGDPs 
exprimiert wird, wodurch die zweite Polypeptidketten-Komponente an der Oberflache der RGDPs freigelegt 
wird; 

25 d) das Selektieren einer einzigartigen oder eingeschrankten Population der Antikorper-Polypeptid-Dimere 

oder scFv-Fragmente, die Bindungsspezifitat fOr das Antigen von Interesse aufweisen, aus der zweiten ex- 
primierten Sammlung durch Bindung an Antigen, wobei jedes selektierte Antikorper-Polypeptid-Dimer oder 
scFv-Fragment in seinem jeweiligen RGDP mit Nukleinsaure verbunden ist, die f Or eine zweite Teilkomponente 
seiner Antigen-Bindungsstelle kodiert; 

30 e) das Kombinieren einer einzigartigen oder eingeschrankten Population von Nukleinsaure, diefur die in Schritt 

(iv) selektierten ersten Antigen-Bindungsstellen-Teilkomponenten kodiert, mit der einzigartigen oder einge- 
schrankten Population von Nukleinsaure, die fur die in Schritt (d) selektierten zweiten Antigen-Bindungsstellen- 
Teilkomponenten kodiert, urn eine dritte Sammlung von Nukleinsauresequenzen zu bilden, die fur Antikorper- 
Polypeptid-Dimere oder scFv-Fragmente kodieren, aus denen eine einzigartige oder eingeschrankte Popula- 

35 tion menschlicher Polypeptid-Dimere oder scFv-Fragmente selektierbar ist, die fur das Antigen spezifisch sind. 

7. Verfahren nach einem der vorangegangenen Anspruche, worin die zweite Teilkomponente einer Antigen-Bin- 
dungsstelle eines nicht-menschlichen Antikorpers ein Antikdrperbereich ist, der Kontakt mit Antigen herstellt. 

40 a Verfahren nach Anspruch 7, worin der Bereich ein Komplementaritat bestimmender Bereich (CDR) ist. 

9. Verfahren nach einem der Anspruche 1 bis 6, worin die zweite Teilkomponente einer Antigen-Bindungsstelle eines 
nicht-menschlichen Antikorpers eine zweite Polypeptidketten-Komponente eines Antikorpers ist. 

45 10. Verfahren zur Herstellung von menschlichen Antikorper-Polypeptid-Dimeren oder scFv-Fragmenten, die fur ein 
Antigen von Interesse spezifisch sind, umfassend: 

(i) das Kombinieren einer vielfaltigen Population (Population A) von Polypeptides die jeweils eine variable 
Domane einer ersten Polypeptidkette eines menschlichen Antikorpers umfassen, mit einer einzigartigen oder 

50 eingeschrankten Population (Population B) von Polypeptiden, die jeweils eine variable Domane einer zweiten 

Polypeptidkette eines nicht-menschlichen Antikorpers umfassen, der fur das Antigen spezifisch ist, wodurch 
eine Sammlung von Antikorper-Polypeptid-Dimeren oder scFv-Fragmenten gebildet wird, die jeweils aus ei- 
nem Polypeptid, das eine variable Domane einer ersten Polypeptidkette eines menschlichen Antikorpers um- 
faBt, und einem Polypeptid, das eine variable Domane einer zweiten Polypeptidkette eines nicht-menschlichen 

55 Antikorpers umfaGt, bestehen; 

(ii) das Selektieren einer einzigartigen oder eingeschrankten Population (Population C) der Antikorper-Poly- 
peptid-Dimere oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen aufweisen, aus der Sammlung; 

(iii) das Kombinieren einer einzigartigen oder eingeschrankten Population (Population D) von Polypeptiden, 
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die von den in Schritt (ii) selektierten Polypeptid-Dimeren Oder scFv-fragmenten herruhren, die jeweils eine 
menschlicheerste Polypeptidkette umfassen, mit einer vielfaltigen Population (Population E) von Polypeptiden, 
die jeweils eine variable Domane einer zweiten Polypeptidkette eines menschlichen Antikorpers umfassen, 
wodurch eine Sammlung von menschlichen Antikorper-Polypeptid-Dimeren Oder scFv-Fragmenten gebildet 
5 wird, aus denen eine einzigartige oder eingeschrankte Population (Population F) von menschlichen Antikorper- 

Polypeptid-Dimeren oder scFv-Fragmente seiektierbar ist, die fur das Antigen spezifisch sind. 

11. Verfahren nach Anspruch 10, worin: 

10 (a) die Polypeptide von Population A jeweils ausgehend von einem Vektor (X) in rekombinanten Wirtsorga- 

nismuszellen als Fusion mit einer Komponente eines replizierbaren Gen-Freilegungspakets (RGDPs) expri- 
miert weden, wodurch das Polypeptid an der Oberflache der RGDPs in einer ersten RGDP-Population frei- 
gelegt wird; 

(b) Nukleinsaure von Vektor (X) unter Verwendung der RGDP-Komponente zu einem Paket zusammengefaBt 
75 werden kann, wodurch das genetische Material jedes RGDPs fur ein solches Polypeptid von Population A 

kodiert, so daQ die Antikdrper-Polypeptid-Dimere oder scFv-Fragmente von Population C in ihren jeweiligen 
RGDPs jeweils mit Nukleinsaure verbunden werden, die fur ein Polypeptid kodiert, das eine variable Domane 
einer ersten Polypeptidkette eines menschlichen Antikorpers umfaBt; 

(c) die Polypeptide von Population E jeweils ausgehend von einem Vektor (Y) in rekombinanten Wirtsorga- 
20 nismuszellen als Fusion mit einer Komponente eines RGDPs exprimiert werden, wodurch sie an der Oberfla- 
che von RGDPs in einer zweiten RGDP-Population freigelegt werden; 

(d) Nukleinsaure des Vektors (Y) unter Verwendung der RGDP-Komponente zu einem Paket zusammengefaBt 
werden kann, wodurch das genetische Material jedes RGDPs in der zweiten RGDP-Population fur ein solches 
Polypeptid von Population E kodiert. 

2S 

12. Verfahren nach Anspruch 10 oder 11, worin die Population A nicht ausgehend von demselben Vektor exprimiert 
wird wie Population B; und Population D nicht ausgehend von demselben Vektor exprimiert wird wie Population E. 

13. Verfahren nach Anspruch 10 oder 11, worin Population A ausgehend von demselben Vektor exprimiert wird wie 
30 Population B; und Population D ausgehend von demselben Vektor expnmlert wird wie Population E. 

14. Verfahren nach Anspruch 10 oder 11 , worin Polypeptide der Population B heterozygot sind und jeweils eine kon- 
stante Domane eines menschlichen Antikorpers umfassen. 

3S 15. Verfahren nach Anspruch 10 oder 11 , worin die Polypeptide von Population E jeweils einen Bereich eines fur das 
Antigen spezifischen nicht-menschlichen Antikorpers umfassen, wobei der Bereich einer ist, der Kontakt mit dem 
Antigen herstellt. 

16. Verfahren nach Anspruch 15, worin der Bereich ein Komplementaritat bestimmender Bereich (CDR) ist. 

40 

17. Verfahren nach Anspruch 16, worin der CDR CDR3 ist. 

18. Verfahren nach einem der Anspruche 10 bis 17, worin die erste Polypeptidkette eine Antikorper-Leichtkette und 
die zweite Polypeptidkette eine Antikdrper-Schwerkette ist. 

45 

19. Verfahren zur Herstellung von menschlichen Antikorper-Polypeptid-Dimeren oder scFv-Fragmenten, die fur ein 
Antigen von Interesse spezifisch sind, umfassend: 

i) das Kombinieren einer vielfaltigen Population (Population A) von Polypeptiden, die jeweils eine variable 
so Domane einer ersten Polypeptidkette eines menschlichen Antikorpers umfassen, mit einer einzigartigen oder 

eingeschrankten Population (Population B) von Polypeptiden, die jeweils eine variable Domane einer zweiten 
Polypeptidkette eines nicht-menschlichen Antikorpers umfassen, der fur das Antigen spezifisch ist, wodurch 
eine Sammlung von Antikorper-Polypeptiden-Dimeren oder ScFv-Fragmenten gebildet wird, die jeweils aus 
einem Polypeptid, das eine variable Domane einer ersten Polypeptidkette eines menschlichen Antikorpers 
55 umfaBt, und einem Polypeptid, das eine variable Domane einer zweiten Polypeptidkette eines nicht-mensch- 

lichen Antikorpers umfaBt, bestehen; 

(ii) das Selektieren einer einzigartigen oder eingeschrankten Population (Population C) der Antikorper-Poly- 
peptid-Dimere oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen aufweisen, aus der Sammlung; 
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(iii) das Kombinieren einer einzigartigen oder eingeschrankten Population (Population H) von Polypeptides 
die jeweils eine variable Domane einer ersten Polypeptidkette eines nicht-menschlichen Antikorpers umfas- 
sen, der fur das Antigen spezifisch ist, mit einer vielfaltigen Population (Population I) von Polypeptides die 
jeweils eine variable Domane einer zweiten Polypeptidkette eines menschlichen Antikorpers umfassen, wo- 
s durch eine zweite Sammlung von Antikdrper-Polypeptid-Dimeren oder scFv-Fragmenten gebildet wird, die 

jeweils aus einem Polypeptid, das eine variable Domane einer ersten Polypeptidkette eines nicht-menschli- 
chen Antikorpers umfaflt, und einem Polypeptid, das eine variable Domane einer zweiten Polypeptidkette 
eines menschlichen Antikorpers umfafM, bestehen; 

iv) das Selektieren einer einzigartigen oder eingeschrankten Population (Population J) der Antikdrper-Poly- 
10 peptid-Dimere oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen aufweisen; 

v) das Kombinieren einer einzigartigen oder eingeschrankten Population (Population K) von Polypeptiden, die 
von in Schritt (ii) selektierten Polypeptid-Dimeren oder scFv-Fragmenten herruhren, die jeweils eine mensch- 
liche erste Polypeptidkette umfassen, mit einer einzigartigen oder eingeschrankten Population (Population L) 
von Polypeptiden, die von in Schritt (iv) selektierten Polypeptid-Dimeren oder scFv-Fragmenten herruhren, 

15 die jeweils eine menschliche zweite Polypeptidkette umfassen, wodurch eine Sammlung von menschlichen 

Antikorper-Polypeptidketten-Dimeren oder scFv-Fragmenten gebildet wird, aus denen eine einzigartige oder 
eingeschrankte Population (Population F) von menschlichen Polypeptid-Dimeren oder scFv-Fragmenten se- 
lektierbar ist, die fur das Antigen spezifisch sind. 

20 20. Verfahren nach Anspruch 19, worin: 

(a) die Polypeptide von Population A jeweils ausgehend von einem Vektor (X) in rekombinanten Wirtsorga- 
nismuszellen als Fusion mit einer Komponente eines replizierbaren Gen-Freilegungspakets (RGDP) expri- 
miert werden, wodurch das Polypeptid an der Oberflache der RGDPs in einer ersten RGDP-Population frei- 

25 gelegt wird; 

(b) Nukleinsaure von Vektor (X) unter Verwendung der RGDP-Komponente zu einem Paket zusammengefaBt 
werden kann, wodurch das genetische Material jedes RGDPs fur ein solches Polypeptid von Population A 
kodiert, so daft die Antikorper-Polypeptid-Dimere oder scFv-Fragmente von Population C in ihren jeweiligen 
RGDPs jeweils mit Nukleinsaure verbunden werden, die fOr ein Polypeptid kodiert, das eine variable Domane 

30 einer ersten Polypeptidkette eines menschlichen Antikorpers umfaBt; 

(c) die Polypeptide von Population I jeweils ausgehend von einem Vektor (Z) in rekombinanten Wirtsorganis- 
muszellen als Fusion mit einer Komponente eines RGDPs exprimiert werden, wodurch sie an der Oberflache 
von RGDPs in einer zweiten RGDP-Population freigelegt werden; 

(d) Nukleinsaure des Vektors (Z) unter Verwendung der RGDP-Komponente zu einem Paket zusammengefaBt 
35 werden kann, wodurch das genetische Material jedes RGDPs in der zweiten RGDP-Population fur ein solches 

Polypeptid von Population I kodiert. 

21. Verfahren nach Anspruch 19 oder 20, worin die Population A nicht ausgehend von demselben Vektor exprimiert 
wird wie Population B; und Population H nicht ausgehend von demselben Vektor exprimiert wird wie Population I. 

40 

22. Verfahren nach Anspruch 19 oder 20, worin Population A ausgehend von demselben Vektor exprimiert wird wie 
Population B; und Population H ausgehend von demselben Vektor exprimiert wird wie Population !. 

23. Verfahren nach Anspruch 19 oder 20, worin Polypeptide jeder der Populationen B und H heterozygot sind, und 
45 jeweils eine konstante Domane eines menschlichen Antikorpers umfassen. 

24. Verfahren nach Anspruch 19 oder 20, worin die Polypeptide von Population I jeweils einen Bereich eines nicht- 
menschlichen Antikorpers umfassen, der fur das Antigen spezifisch ist, wobei der Bereich einer ist, der Kontakt 
mit dem Antigen herstellt. 

50 

25. Verfahren nach Anspruch 24, worin der Bereich ein Kompiementaritat bestimmender Bereich (CDR) ist. 

26. Verfahren nach Anspruch 25, worin der CDR CDR3 ist. 

55 27. Verfahren nach einem der Anspruche 1 9 bis 26, worin die erste Polypeptidkette eine Antikorper-Leichtkette ist und 
die zweite Polypeptidkette eine Antikorper-Schwerkette ist. 

28. Verfahren nach einem der Anspruche 10 bis 27, umfassend einen zusatzlichen Schritt des Selektierens der Po- 
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pulation F von menschlichen Antikdrper-Polypeptid-Dimeren oder scFv-Fragmenten, die fur das Antigen spezifisch 
sind. 

29. Verfahren nach einem der Anspruche 1 0 bis 28, worin jede der Populationen C und F durch Bindung an das Antigen 
s selektiert wird. 

30. Verfahren nach einem der Anspruche 19 bis 29, worin Population I durch Bindung an das Antigen selektiert wird. 

31. Verfahren nach einem der vorangegangenen Anspruche, worin jedes Antikorper-Polypeptid-Dimer jeder Samm- 
io lung von Antikorper-Polypeptid-Dimeren als Fv- Oder Fab-Fragment exprimiert wird. 

32. Verfahren nach einem der Anspruche 1 bis 9, worin Nukleinsaure, die fur ein selektiertes Antikorper-Polypeptid- 
Dimer oder scFv-Fragment kodiert, oder eine Teilkomponente eines zugehorigen RGDPs dazu verwendet wird, 
das Antikorper-Polypeptid-Dimer oder scFv-Fragment, fur das kodiert wird, oder eine solche Teilkomponente zu 

is exprimieren, oder durch Addition, Deletion, Substitution oder Insertion von Aminosauren oder Bindung an ein 

anderes Molekul modifiziert und dazu verwendet wird, ein Derivat des Antikdrper-Polypeptid-Dimers oder scFv- 
Fragments, fur das kodiert wird, oder eine solche Teilkomponente zu exprimieren. 

33. Verf ah ren nach Anspruch 32, worin das exprimierte Antikorper-Polypeptid-Dimer oder scFv-Fragment oder Derivat 
20 davon zur Herstellung eines Medikaments verwendet wird. 

34. Verfahren nach Anspruch 28, worin ein menschliches Antikorper-Polypeptid-Dimer oder scFv-Fragment, das fur 
das aus der Population F selektierte Antigen spezifisch ist, zur Herstellung eines Medikaments verwendet wird. 

25 

Revendicatrons 

1 . M6thode de production de dimeres polypeptides d'anticorps ou de fragments scFv specifiques d'un antigene d'in- 
t6r$t ayant les Stapes suivantes : 

30 

(i) prSvoir des vecteurs d'expression d'acide nucleique qui sont capables d'dtre compacted en utilisant un 
composant d'un compactage de presentation genetique replicable (rgdp); 

(ii) combiner (a) un repertoire gen6tiquement divers de sequences d'acides nuc!6iques dont chacune code 
pour une premiere partie composante d'un site de liaison d'antigene d'un anticorps humain avec (b) un acide 

3S nucleique qui code pour une population unique ou g6n6tiquement diverse d'une seconde partie composante 

d'un site de liaison d'anticorps d'un anticorps non humain connu comme liant ledit antigene d'interet, pour 
former une banque de sequences d'acides nucteiques sur lesdits vecteurs d'expression codant pour les di- 
meres de polypeptides d'anticorps de fragments scFv, lesquels dimeres ou fragments ScFv consistent chacun 
en un premier composant de chaTne polypeptidique et un second composant de chaTne polypeptidique, une 

4 o premiere partie composante de site de liaison d'antigene et une seconde partie composante de site de liaison 

d'antigene formant en combinaison un site de liaison d'antigene d'un dimere polypeptide d'anticorps ou d'un 
fragment scFv ; 

(iii) exprimer ladite banque desdits vecteurs dans des cellules d'organismes hotes recombinants chacun des- 
dits premiers composants de chaTne polypeptidique etant exprime en tant que fusion avec un composant d'in 

4 & rgdp qui presente ainsi ledit premier composant de chaTne polypeptidique a la surface des rgdp ; 

(iv) selectionner de ladite banque exprimSe par liaison avec I'antigene d'une population unique ou restreinte 
desdits dimeres polypeptidique d'anticorps ou fragments scFv qui ont une specificite de liaison pour ledit 
antigene d'int6ret chaque dimere polypeptidique d'anticorps selectionne" ou fragment scFv 6tant associe, dans 
son rgdp respectif, avec un acide nucleique codant pour une premiere partie composante de son site de liaison 

so d'antigene. 

2. M6thode selon la revendication 1 ou lesdits dimeres polypeptides d'anticorps ou fragments scFv sont exprim6s 
en tant que polypeptides solubles apres selection dans I'dtape (iv). 

55 3. M§thode selon la revendication 1 ou la revendication 2 ou la sequence codant pour chaque seconde partie com- 
posante de I'anticorps non humain est g6n6tiquement modifie" e pour augmenter son homologie avec une seconde 
partie composante d'un anticorps humain avant ladite combinaison a Petape (ii). 
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4. M6thode selon Tune quelconque des revendications pr6c6dentes ayant une etape additionnelle (v) ou les dimeres 
polypeptides d'anticorps ou fragments scFv sdlectionnds a I'etape (iv) sont genetiquement modifies pour eiiminer 
ou r6duire les caracteYistiques non humaines. 

5 5. Methode selon la revendication 4 ou I'etape (v) consiste a : 

(a) combiner une population unique ou restreinte d'acide nucleique codant pour les premises parties com- 
posantes de site de liaison d'antigene selectionnees a I'etape (iv) avec un repertoire genetiquement divers de 
sequences d'acides nucleiques dont chacune code pour une seconde partie composante d'un site de liaison 

10 d'antigene d'un anticorps humain, pour former une seconde banque de sequences d'acides nucleiques codant 

pour les dimeres polypeptides d'anticorps ou les fragments scFv, chaque dimere polypeptide d'anticorps ou 
fragment ScFv comprenant un second composant de chaine polypeptidique d'anticorps qui est exprime par 
I'acide nucleique qui est capable d'etre compacts en utilisant un composant d'un rgdp, ledit second composant 
de chatne etant exprim6 en tant que fusion avec un composant d'un rgdp qui ainsi le pr6sente a la surface 

15 des rgdp de facon que les dimeres polypeptides d'anticorps ou fragments scFv specif iques dudit antigene 

d'interdt, puissent etre seiectionnes de ladite seconde banque par liaison avec ledit antigene d'inteVSt, chaque 
dim6re polypeptide d'anticorps ou fragment scFv etant associe dans son rgdp a I'acide nucleique codant pour 
son second composant polypeptide. 

20 6. Methode selon la revendication 4, ou I'etape (v) consiste a : 

a) prevoir des vecteurs d'expression d'acide nucleique qui sont capables d'etre compactes en utilisant un 
composant d'un compactage de presentation genetique replicable (rgdp); 

b) combiner I'acide nucleique qui code pour une population unique ou genetiquement diverse d'une premiere 
25 partie composante d'un site de liaison d'antigene d'un anticorps non humain connu comme liant ledit antigene 

d'interet avec un repertoire genetiquement divers de sequences d'acides nucleiques dont chacune code pour 
une seconde partie composante d'un site de liaison d'antigene d'un anticorps humain, pou r former une seconde 
banque de sequences d'acides nucleiques sur lesdits vecteurs d'expression codant pour les dimeres poly- 
peptides d'anticorps ou les fragments scFv, lesquels dimeres ou fragments scFv consistent chacun en un 
30 premier composant de chaine polypeptidique et un second composant de chaine polypeptidique, une premiere 

partie composante de site de liaison d'antigene et une seconde partie composante de site de liaison d'antigene 
formant en combinaison un site de liaison d'antigene d'un dimere polypeptide d'anticorps ou d'un fragment 
scFv ; 

c) exprimer ladite seconde banque a partir desdits vecteurs dans des cellules d'organismes hoptes recombi- 
35 nants, chacun desdits seconds composants de chatne polypeptidique etant exprime en tant que fusion avec 

un composant de rgdp qui ainsi presente ledit composant de chaine polypeptidique a la surface des rgdp ; 

d) selectionner, de ladite seconde banque exprimee par liaison avec un antigene, une population unique ou 
restreinte desdits dimeres polypeptides d'anticorps ou des fragments scFv qui ont une specificity de liaison 
pour ledit antigene d'interet, chaque dimere polypeptide d'anticorps seiectionne ou fragment scFv etant as- 

40 socie dans son rgdp respectif avec un acide nucleique codant pour une seconde partie composante de son 

site de liaison d'antigene ; 

e) combiner une population unique ou restreinte d'acide nucleique codant pour les premieres parties compo- 
santes de site de liaison d'antigene selectionnees a I'etape (iv) avec la population unique ou restreinte d'acide 
nucleique codant pour lesdites secondes parties composantes du site de liaison d'antigene selectionnees a 

<5 I'etape (d) pour former une troisieme banque de sequences d'acides nucleiques codant pour des dimeres 

polypeptides d'anticorps ou des fragments de scFv, d'ou une population unique ou restreinte de dimeres po- 
lypeptides humains ou des fragments scFv specifiques dudit antigene peuvent §tre seiectionnes. 

7. Methode selon I'une quelconque des revendications precedentes ou ladite seconde partie composante d'un site 
50 de liaison d'antigene d'un anticorps non humain est une region d'anticorps qui est en contact avec I'antigene. 

8. Methode selon la revendication 7 ou ladite region est une region determinant la compiementarite (CDR). 

9. Methode selon I'une quelconque des revendications 1 a 6 ou ladite seconde partie composante d'un site de liaison 
55 d'antigene d'un anticorps non humain est un second composant de chaine polypeptidique d'un anticorps. 

10. Methode de production de dimeres polypeptides d'anticorps humains ou de fragments scFv specifiques d'un an- 
ligdne d'interet, comprenant 
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(i) la combinaison d'une population diverse de polypeptides dont chacun comprend un domaine variable d'une 
premiere chaTne polypeptidique d'un anticorps humain (population A) avec une population unique ou restreinte 
de polypeptides, chacun comprenant un domaine variable d'une seconde chaine polypeptidique d'un anticorps 
non humain specifique dudit antigene (population B), pour ainsir former une banque de dimeres polypeptides 

5 d'anticorps ou de fragments scFv chacune consistant en un polypeptide qui comprend un domaine variable 

d'une premiere chaine polypeptidique d'un anticorps humain et un polypeptide qui comprend un domaine 
variable d'une seconde chaine polypeptidique d'un anticorps non humain ; 

(ii) la selection, de ladite banque, d'une population unique ou restreinte desdits dimeres polypeptides d'anti- 
corps ou fragments scFv qui ont une specificity de liaison pour ledit antigene (population C) ; 

10 (iij) la combinaison d'une population unique ou restreinte de polypeptides derives des dimeres polypeptides 

ou des fragments scFv selectionnes a I'etape (ii), chacun comprenant une premiere chaine polypeptidique 
humaine (population D) avec une population diverse de polypeptides, chacun comprenant un domaine variable 
d'une seconde chaine polypeptidique d'un anticorps humain (population E), pour ainsi former une banque de 
dimeres a chaine polypeptidique d'anticorps humain ou de fragments scFv d'ou une population unique ou 

is restreinte de dimeres polypeptides d'anticorps humain ou des fragments scFv specifiques dudit antigene (po- 

pulation F) peuvent etre selectionnes. 

11. Methode selon la revendication 10 ou : 

20 (a) chacun desdits polypeptides de la population A sont exprimes a partir d'un vecteur (X) dans des cellules 

d'organisme notes combinant en tant que fusion avec un composant d'un compactage de presentation gene- 
tique replicable (rgdp) qui ainsi prSsente ledit polypeptide a la surface des rgdp dans une premiere population 
de rdgp ; 

(b) I'acide nucleique dudit vecteur (X) peut etre compacte en utilisant ledit composant de rgdp, ainsi le materiel 
25 genetique de chaque rgdp code pour un polypeptide de population A, done les dimeres polypeptides d'anti- 
corps ou les fragments scFv de la population C sont associes dans leur rgdp respectif avec un acide nucleique 
codant pour un polypeptide comprenant un domaine variable d'une premiere chaTne polypeptidique d'un an- 
ticorps humain ; 

(c) chacun desdits polypeptides de la population E est exprim6 par un vecteur (Y) dans des cellules d'orga- 
30 nisme notes recombinants sous la forme d'une fusion avec un composant d'un rgdp qui ainsi le presente a la 

surface des rgdp dans une seconde population de rgdp ; et 

(d) I'acide nucleique dudit vecteur (Y) peut etre compacte en utilisant ledit composant de rgdp, ainsi le materiel 
g6n6tique de chaque rgdp dans la seconde population de rgdp code pour un polypeptide de la population E. 

3S 12. MSthode selon la revendication 10 ou la revendication 11 ou ladite population A n'est pas exprimee par le meme 
vecteur que ladite population B ; et ladite population D n'est pas exprimde par le meme vecteur que ladite population 

E. 

13. M6thode selon la revendication 10 ou la revendication 11 ou ladite population A est exprimee par le m£me vecteur 
40 que ladite population B ; et ladite population D est exprimee par le meme vecteur que ladite population E. 

14. Methode selon la revendication 10 ou la revendication 11 ou des polypeptides de ladite population B sont chime- 
riques, chacun comprenant un domaine constant d'anticorps humain. 

45 15. Methode selon la revendication 1 0 ou la revendication 11 ou les polypeptides de ladite population E comprennent 
chacun une region d'un anticorps non humain specifique dudit antigene, laquelle region en est une qui est en 
contact avec I'antigene. 

16. Methode selon la revendication 15 ou ladite region est une region determinant la complementarity (CDR). 

so 

17. Methode selon la revendication 16 ou CDR est CDR3. 

18. Methode selon I'une quelconque des revendications 10 a 17 ou ladite premiere chaTne polypeptidique est une 
chaTne I6gere d'anticorps, ladite seconde chaTne polypeptidique etant une chaTne lourde d'anticorps. 

55 

19. Methode de production de dimeres de polypeptide d'anticorps humains ou de fragments scFv specifiques d'un 
antigene d'interet, comprenant 
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j) la combinaison d'une population diverse de polypeptides, chacun comprenant un domaine variable d'une 
premiere chaTne polypeptidique d'un anticorps humain (population A) avec une population unique ou restreinte 
de polypeptides, chacun comprenant un domaine variable d'une seconde chaine polypeptidique d'un anticorps 
non humain specifique dudit antigene (population B), pour ainsi former une banque de dimeres polypeptides 
5 d'anticorps ou de fragments scFv, chacun consistant en un polypeptide qui comprend un domaine variable 

d'une premiere chaine polypeptidique d'un anticorps humain et un polypeptide qui comprend un domaine 
variable d'une seconde chaine polypeptidique d'un anticorps non humain ; 

ii) la selection, dans ladite banque, d'une population unique ou restreinte desdits dimeres polypeptides d'an- 
ticorps ou fragments scFv qui ont une specificity de liaison pour ledit antigene (population C) ; 

w iii) la combinaison d'une population unique ou restreinte de polypeptides, chacun comprenant un domaine 

variable d'une premiere chaine polypeptidique d'un anticorps non humain specifique dudit antigene (population 
H) avec une population diverse de polypeptides chacun comprenant un domaine variable d'une seconde chaT- 
ne polypeptidique d'un anticorps humain (population I), pour ainsi former une seconde banque de dimeres 
polypeptides d'anticorps ou de fragments scFv, chacun consistant en un polypeptide qui comprend un domaine 

75 variable d'une premiere chaine polypeptidique d'un anticorps non humain et un polypeptide qui comprend un 

domaine variable d'une seconde chaTne polypeptidique d'un anticorps humain ; 

iv) la selection de ladite seconde banque, d'une population unique ou restreinte desdits dimeres polypeptides 
d'anticorps ou fragments scFv qui ont une specificity de liaison pour ledit antigene (population J) 

v) la combinaison d'une population unique ou restreinte de polypeptides derives des dimeres polypeptides ou 
20 des fragments scFv sdlectionnes a I'etape (ii), chacun comprenant une premiere chaTne polypeptidique hu- 

maine (population K) avec une population unique ou restreinte de polypeptides derives de dimeres polypep- 
tides ou de fragments scFv selectionnes a I'dtape (iv), chacun comprenant une seconde chaTne polypeptidique 
humain (population L), pour ainsi former une banque de dimeres de chaTnes potypeptidiques d'anticorps hu- 
main ou de fragments scFv d'ou une population unique ou restreinte de dimeres polypeptides humains ou de 
25 fragments scFv specifiques dudit antigene (population F) peuvent etre selectionnes. 



20. Methode selon la revendication 19 ou : 



(a) lesdits polypeptides de la population A sont exprim^s par un vecteur (X) dans des cellules d'organismes 
30 notes recombinants en tant que fusion avec un composant d'un compactage pour presentation genetique 

replicable (rgdp) qui ainsi presente ledit polypeptide a la surface des rgdp dans une premiere population de 

r 9 d P- , , . . 

(b) I'acide nucleique dudit vecteur (X) est capable d'etre compacts en utilisant ledit composant de rgdp, ainsi 

le materiel genetique de chaque rgdp code pour un polypeptide de la population A, done les dimeres poly- 
35 peptides d'anticorps ou fragments de scFv de la population C sont associ6s dans leur rgdp respectif avec 

I'acide nucleique codant pour un polypeptide comprenant un domaine variable d'une premiere chaTne poly- 
peptidique d'un anticorps humain ; 

(c) chacun desdits polypeptides de la population I est exprim6 par un vecteur (Z) dans des cellules d'organis- 
mes h6tes recombinants en tant que fusion avec un composant de rdgp qui ainsi le pr6sente a la surface des 

40 rgdp dans une seconde population de rgdp ; et 

(d) I'acide nucleique dudit vecteur (Z) est capable d'etre compacte en utilisant ledit composant de rdgp, ainsi 
le materiel genetique de chaque rgdp dans la seconde population de rgdp code pour un polypeptide de la 
population I. 

45 21. Methode selon la revendication 19 ou la revendication 20, ou ladite population A n'est pas exprimee par le meme 
vecteur que ladite population B ; et ladite population H n'est pas exprim6e par le meme vecteur que ladite population 
I. 

22. Methode selon la revendication 1 9 ou la revendication 20 ou ladite population A est exprimSe par le meme vecteur 
50 que ladite population B et ladite population H est exprimee par le meme vecteur que ladite population I. 

23. M6thode selon la revendication 19 ou la revendication 20 ou des polypeptides de I'une des populations B et H 
sont chimeriques, chacun comprenant un domaine constant d'anticorps humain. 

55 24. Methode selon la revendication 19 ou la revendication 20 ou les polypeptides de ladite population I comprennent 
chacun une region d'un anticorps non humain specifique dudit antigene, taquelle region est celle qui fait le contact 
avec I'antigene. 
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25. M6thode selon la revendication 24 ou ladite region est une region determinant la compl6mentarit6 (CDR). 

26. Methode selon la revendication 25 ou ladite CDR est CDR3. 

27. Methode selon Tune quelconque des revendications 1 9 a 26 ou ladite premiere chaTne polypeptidique est la chaTne 
l£gere de I'anticorps et ladite seconde chaTne polypeptidique etant la chaTne lourde de I'anticorps. 

28. Methode selon Tune quelconque des revendications 10 a 27 comprenant une etape additionnelle de selection de 
ladite population F de dimeres polypeptides d'anticorps humains ou de fragments scFv sp6cifique dudit antigene. 

29. Methode selon Tune quelconque des revendications 10 a 28 ou Tune desdites populations C et F est seiectionnee 
par liaison avec ledit antigene. 

30. Methode selon Tune des revendications 1 9 a 30 ou la population I est seiectionnee par liaison avec ledit antigene. 

31. Methode selon Tune quelconque des revendications pr6c6dentes ou chaque dimere polypeptides d'anticorps de 
Tune desdites banques de dimeres polypeptides d'anticorps est exprime en tant que fragment Fv ou Fab. 

32. Methode selon Tune quelconque des revendications 1 a 9 ou I'acide nucieique codant pour un dimere polypeptide 
d'anticorps s6lectionn6 ou fragment scFv ou une partie composante d'un rdgp associe est utilise" pour exprimer le 
dimere polypeptide d'anticorps code ou fragment de scFv ou une partie composante ou est modifie et utilise pour 
exprimer un derive du dimere polypeptide d'anticorps code ou fragment de scFv ou une partie composante par 
addition, deletion, substitution ou insertion d'acides amines ou enchaTnement d'une autre molecule. 

33. Methode selon la revendication 32 ou le dimere polypeptide d'anticorps exprime' ou fragment scFv ou son derive 
est utilise pour preparer un medicament. 

34. Methode selon la revendication 28 ou un dimere polypeptide d'anticorps humain ou fragment scFv specifique dudit 
antigene seiectionne dans ladite population F est utilise pour preparer un medicament 
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Fig. 1. 



Mouse antibody 




Selection j i Selection 

on antigen f f on antigen 




Human antibodies 



S3 



EP 0 605 522 B1 



Fig. 2. 
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Phage ELISA on TNF or 301 -peptide 
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Fig 10. 
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Fig.8(i). 
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FigMi). 



Combining CDR-grafted heavy chains with 
selected light chains 
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Fig. 9. 

Humanizing rodent antibodies using combinatorial 
phage display libraries and CDR-grafting 
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Fig. U. 



VH segments 
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Description 

[0001] The present invention relates to the production of antibodies. More particularly, it relates to the production of 
antibodies with increased human characteristics over a parent antibody specific for the same antigen. 

s [0002] Many rodent monoclonal antibodies have been isolated using hybridoma technology and utilised for in vivo 
therapeutic and diagnostic purposes in humans . For example, an early application of these mouse monoclonal anti- 
bodies was as targeting agents to kill or image tumours (F.H. Deland and D.M. Goldenberg 1982 in 'Radionuclide 
Imaging' ed. D.E. Kuhl pp289-297, Pergamon, Paris; R. Levy and RA Miller Ann. Rev. Med. 1983,34 ppl07-116). 
However, the use of such antibodies in vivo can lead to problems. The foreign immunoglobulins can elicit an anti- 

io globulin response (known as a human anti-mouse antibody (HAMA) response) which can interfere with therapy ( R.A. 
Miller et al, 1983 Blood 62 988-995) or cause allergic or immune complex hypersensitivity (B. Ratner, 1943, Allergy, 
Anaphylaxis and Immunotherapy Williams and Wilkins, Baltimore). 

[0003] To overcome these problems, Winter and colleagues (GB2188638B) developed a method of humanising or 
"reshaping 1 such antibodies. The complementarity determining regions (CDRs) of the mouse antibody, which comprise 

15 the antigen combining site, are inserted into human framework regions thereby generating antibodies in which only 
the CDR sequences are derived from the original mouse antibody. This is the technique known as "CDR-grafting" or 
"CDR-imprinting". One such reshaped antibody CAMPATH-1 (L-. Riechmann et al, 1988 Nature 332, pp323-327 has 
been used successfully in the treatment of B cell lymphoma (G. Hale et al, 1 988 Lancet 2, pp1 394-1 399) and vasculitis 
(P. W. Mathieson et al New Engl. J. Med. 1 990 323, pp250-254) and rheumatoid arthritis (V. Kyle et al 1 991 J. Rheumatol. 

20 18, pp1737-1738). This has prompted the humanisation of a large number of antibodies for therapeutic purposes 
directed against cancer markers, for example the interleukin 2 receptor (C. Queen et al, 1989 Proc. Natl. Acad. Sci. 
USA, 86, pp10029-1 0033); epidermal growth factor receptor (C.A. Kettleborough et al 1 991 Protein Eng. 4, pp773-783; 
P.Carter et al 1992 Proc. Natl. Acad. Sci. USA 89, pp4285-4289) and carcinoembryonic antigen ( K.Bosslet et al. Brit. 
J. Cancer 65, pp234-238, 1 992). A number of antibodies directed against infectious viruses have also been humanised, 

25 for instance antibodies directed against respiratory syncytial virus ( PR. Tempest et al, 1991 Bio/ Technology 9, 
pp266-271); herpes simplex virus (M.S. Co et al 1991 Proc. Natl. Acad. Sci. USA 88, pp2869-2873) and human im- 
munodeficiency virus (H. Maeda et al 1991 Human Antibodies and Hybridomas 2, pp124-1 34). Humanised antibodies 
have also been used for imaging tumours after labelling with radioisotopes (V. Hird et al, 1991 Brit. J. Cancer 64 
911-914). 

30 [0004] Successful reshaping depends on the rodent and human framework regions being structurally conserved 
both in the orientation of the beta-sheets of each domain and in the packing of the heavy and light chains together; 
the hypervariable loops making the majority of contacts with antigen and the loops being supported in a similar way 
by the underlying beta-sheet framework. Although these conditions are likely to be true for some antibodies, the res- 
titution of key contacts between the loops and the framework has proved necessary in others, and has been assisted 

35 by molecular modelling (Riechmann et al, 1988 supra; Tempest et al, 1991 supra) and systematic matching of rodent 
and human framework regions to minimise differences in primary sequences (Queen et al, 1 989 supra; Gorman et al, 
1 991 supra; Maeda et al supr a). Studies have shown that there are a number of residues in the ' vernier 1 zone underlying 
the CDRs of both heavy and light chain variable domains which may adjust CDR structure and fine tune to fit the 
antigen and thus have a strong effect on affinity and specificity (J.Foote and G. Winter 1 992 J. Mol. Biol. 224 487-499). 

40 A variation of this approach is to transfer the mouse CDRs onto a chimaeric human/mouse framework in which the 
buried amino acid residues are derived from the mouse antibody and the exposed amino acids are derived from ho- 
mologous human frameworks (E.A. Padlan et al 1991 Mol. Immunol. 28, 485-498). 

[0005] The process of CDR grafting involves the transfer of the antigen binding site from a non-human (animal) 
antibody to the human antibody. In most cases all three CDRs from both heavy and light chains have been transplanted 

45 from the animal antibody to a single human framework. It is expected that it should not always be necessary to transplant 
all the CDRs, as some CDRs may not be involved in binding to antigen, and CDRs with different sequences (and the 
same length) can have the same folding (and therefore contacts from antigen to the main chain contacts could be 
retained despite the different sequences). Indeed single domains (Ward et al, 1989, Nature 341 , pp.544-546) or even 
single CDRs (R. Taub et al, 1989, J. Biol Chem 264, pp.259-265) can have antigen binding activities alone. However, 

50 whether all or only some of the CDRs are transplanted, the intention of CDR grafting is to transplant the same, or much 
the same antigen binding site, from animal to human antibodies. 

[0006] Structurally, the simplest antibody (IgG) comprises four polypeptide chains, two heavy (H) chains and two 
light (L) chains inter-connected by disulphide bonds (see figure 1 ). The light chains exist in two distinct forms called 
kappa (K) and lambda (k). Each chain has a constant region (C) and a variable region (V). Each chain is organized 
55 into a series of domains. The light chains have two domains, corresponding to the C region and the other to the V 
region. The heavy chains have four domains, one corresponding to the V region and three domains (1 ,2 and 3) in the 
C region. The antibody has two arms (each arm being a Fab region), each of which has a VL and a VH region associated 
with each other. It is this pair of V regions (VL and VH) that differ from one antibody to another (owing to amino acid 



2 



EP 0 605 522 B1 



sequence variations), and which together are responsible for recognising the antigen and providing an antigen binding 
site (ABS). In even more detail, each V region is made up from three complementarity determining regions (CDR) 
separated by four framework regions (FR). The CDR's are the most variable part of the variable regions, and they 
perform critical antigen binding function. The CDR regions are derived from many potential germ line sequences via 

s a complex process involving recombination, mutation and selection. 

[0007] It has been shown that the function of binding antigens can be performed by fragments of a whole antibody. 
Example binding fragments are (i) the Fab fragment consisting of the VL, VH, CL and CHI domains; (ii) the Fd fragment 
consisting of the VH and CH1 domains; (Hi) the Fv fragment consisting of the VL and VH domains of a single arm of 
an antibody, (iv) the dAb fragment (Ward, E.S. et al., Nature 341, 544-546 (1989) which consists of a VH domain; (v) 

10 isolated CDR regions; and (vi) F(ab') 2 fragments, a bivalent fragment comprising two Fab fragments linked by a disul- 
phide bridge at the hinge region. 

[0008] Although the two domains of the Fv fragment are coded for by separate genes, it has proved possible to make 
a synthetic linker that enables them to be made as a single protein chain (known as single chain Fv (scFv); Bird, R.E. 
et al., Science 242, 423-426 (1988) Huston, J.S. et al., Proc. Natl. Acad. Sci., USA 85, 5879-5883 (1988)) by recom- 
15 binant methods. 

[0009] Experience with humanisation of monoclonal antibodies has shown that these molecules can be of great 
value in therapy and diagnosis. However, there is a requirement to be able to monitor a number of humanised antibody 
derivative molecules to obtain one which retains or improves on the original characteristics of the mouse 5 monoclonals. 
Further there is a requirement to generate such molecules by a rapid and convenient procedure. 

20 

TERMINOLOGY 

[0010] Much of the terminology discussed in this section has been mentioned in the text where appropriate. 
25 Replicable Genetic Display Package (Rgdp) 

[0011] This describes a biological particle which has genetic information providing the particle with the ability to 
replicate. The particle can display on its surface at least part of a polypeptide. The polypeptide can be encoded by 
genetic information native to the particle and/or artificially placed into the particle or an ancestor of it. The displayed 
30 polypeptide may be any member of a specific binding pair eg. heavy or light chain domains based on an immunoglobu lin 
molecule, an enzyme or a receptor etc. 

[0012] The particle may be a virus eg. a bacteriophage such as fd or M13. 
Package 

35 

[0013] This describes a replicable genetic display package in which the particle is displaying a member of a specific 
binding pair at its surface. The package may be a bacteriophage which displays an antigen binding domain at its 
surface. This type of package has been called a phage antibody (pAb). 

40 Antibody 

[0014] This describes an immunoglobulin whether natural or partly or wholly synthetically produced. These proteins 
can be derived from natural sources, or partly or wholly synthetically produced. 

[0015] Example antibodies are the immunoglobulin isotypes and the Fab, F(ab 1 ) 2 , scFv, Fv, dAb, Fd fragments. 

45 

Antibody Polypeptide Dimer 

[001 6] An antibody polypeptide dimer is an association of two polypeptide chain components of an antibody, capable 
of binding an antigen. Thus, it may be one arm of an antibody consisting of a heavy chain and a light chain, it may be 
50 a Fab fragment consisting of V L , V H , C L and C H I antibody domains, an Fv fragment consisting of a V L domain and a 
V H domain, or a scFv ("single chain Fv") fragment consisting of a V L domain linked to a V H domain by a synthetic linker. 
An scFv fragment is a single polypeptide chain that falls within a definition of an "antibody polypeptide dimer" because 
it consists of two polypeptide chain components of an antibody, associated by means of the synthetic linker, and is 
capable of binding an antigen. 

55 

Immunoglobulin Superfamily 

[0017] This describes a family of polypeptides, the members of which have at least one domain with a structure 
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related to that of the variable or constant domain of immunoglobulin molecules. The domain contains two p-sheets and 
usually a conserved disulphide bond (see A.F. Williams and A.N. Barclay 1988 Ann. Rev Immunol. 6 381 -405). 
[0018] Example members of an immunoglobulin superfamily are CD4, platelet derived growth factor receptor (PDG- 
FR), intercellular adhesion molecule. (ICAM). Except where the context otherwise dictates, reference to immunoglob- 
s ulins and immunoglobulin homologs in this application includes members of the immunoglobulin superfamily and ho- 
mologs thereof. 

Homologs 

10 [0019] This term indicates polypeptides having the same or conserved residues at a corresponding position in their 
primary, secondary or tertiary structure. The term also extends to two or more nucleotide sequences encoding the 
homologous polypeptides. 

[0020] Example homologous peptides are the immunoglobulin isotypes. 
15 Genetically diverse population 

[0021] In connection with antibodies or polypeptide components thereof, this is referring not only to diversity that can 
exist in the natural population of cells or organisms, but also diversity that can be created by artificial mutation in vitro 
or in vivo. 

20 [0022] Mutation in vitro may for example, involve random mutagenesis using oligonucleotides having random mu- 
tations of the sequence desired to be varied. In vivo mutagenesis may for example, use mutator strains of host micro- 
organisms to harbour the DNA (see Example 38 of WO 92/01047). The words "unique population" may be used to 
denote a plurality of e.g. polypeptide chains, which are not genetically diverse i.e. they are all the same. A restricted 
population is one which is diverse but less so than the full repertoire of an animal. The diversity may have been reduced 

25 by prior selection, eg using antigen binding specificity. 

Domain 

[0023] A domain is a part of a protein that is folded within itself and independently of other parts of the same protein 
30 and independently of a complementary binding member. 

Folded Unit 

[0024] This is a specific combination of an alpha-helix and/or beta-strand and/or beta-turn structure. Domains and 
35 folded units contain structures that bring together amino acids that are not adjacent in the primary structure. 

Free Form 

[0025] This describes the state of a polypeptide which is not displayed by a replicable genetic display package. 

40 

Conditionally Defective 

[0026] This describes a gene which does not express a particular polypeptide under one set of conditions, but ex- 
presses it under another set of conditions. An example, is a gene containing an amber mutation expressed in non- 
45 suppressing or suppressing hosts respectively. 

[0027] Alternatively, a gene may express a protein which is defective under one set of conditions, but not under 
another set. An example is a gene with a temperature sensitive mutation. 

Suppressive Translational Stop Codon 

so 

[0028] This describes a codon which allows the translation of nucleotide sequences downstream of the codon under 
one set of conditions, but under another set of conditions translation ends at the codon. Example of suppressible 
translational stop codons are the amber, ochre and opal codons. 

55 Mutator Strain 

[0029] This is a host cell which has a genetic defect which causes DNA replicated within it to be mutated with respect 
to its parent DNA. Example mutator strains are NR9046mutD5 and NR9046 mut T1 (See Example 38 of WO 92/01 047). 
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Helper Phage 

[0030] This is a phage which is used to infect cells containing a defective phage genome and which functions to 
complement the defect. The defective phage genome can be a phagemid or a phage with some function encoding 
s gene sequences removed. Examples of helper phages are M1 3K07, M13K07 gene III no. 3; and phage displaying or 
encoding a binding molecule fused to a capsid protein. 

Vector 

10 [0031] This is a DNA molecule, capable of replication in a host organism, into which a gene is inserted to construct 
a recombinant DNA molecule. 

Phage Vector 

75 [0032] This is a vector derived by modification of a phage genome, containing an origin of replication for a bacteri- 
ophage, but not one for a plasmid. 

Phagemid Vector 

20 [0033] This is a vector derived by modification of a plasmid genome, containing an origin of replication for a bacte- 
riophage as well as the plasmid origin of replication. 

Secreted 

25 [0034] This describes a rgdp or molecule that associates with the polypeptide displayed on the rgdp, in which the 
polypeptide and/or the molecule, have been folded and the package assembled externally to the cellular cytosol. 

Repertoire of Rearranged Immunoglobulin Genes 

30 [0035] A collection of naturally occurring nucleotides eg DNA sequences which encoded expressed immunoglobulin 
genes in an animal. The sequences are generated by the in vivo rearrangement of eg V, D and J segments for H chains 
and eg the V and J segments for L chains. Alternatively the sequences may be generated from a cell line immunised 
Jn vitro and in which the rearrangement in response to immunisation occurs intracellular^. The word "repertoire" is 
used to indicate genetic diversity. 

35 

Library 

[0036] A collection of nucleotide eg DNA, sequences within clones; or a genetically diverse collection of polypeptides, 
or specific binding pair members, or polypeptides or sbp members displayed on rgdps capable of selection or screening 
40 to provide an individual polypeptide or sbp members or a mixed population of polypeptides or sbp members. 

Repertoire of Artificially Rearranged Immunoglobulin Genes 

[0037] A collection of nucleotide eg DNA, sequences derived wholly or partly from a source other than the rearranged 
45 immunoglobulin sequences from an animal. This may include for example, DNA sequences encoding VH domains by 
combining unrearranged V segments with D and J segments and DNA sequences encoding VL domains by combining 
V and J segments. 

[0038] Part or all of the DNA sequences may be derived by oligonucleotide synthesis. 

50 Secretory Leader Peptide 

[0039] This is a sequence of amino acids joined to the N -terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 

55 Eluant 

[0040] This is a solution used to breakdown the linkage between two molecules. The linkage can be a non-covalent 
or covalent bond(s). The two molecules can be members of a sbp. 
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[0041] This is a substance which derived from a polypeptide which is encoded by the DNA within a selected rgdp 
The derivative polypeptide may differ from the encoded polypeptide by the addition, deletion, substitution or insertion 
of amino acids, or by the linkage of other molecules to the encoded polypetide. These changes may be made at the 
nucleotide or protein level. For example the encoded polypeptide may be a Fab fragment which is then linked to an 
fragmentT S ° UrCe AltematiVBly markerS SUCh as enz V mes - Aouresceins etc may be linked to eg Fab, scFv 

[0042] According to one aspect of the present invention there is provided a method of producing antibody polypeptide 
dimers specific for an antigen of interest, the method having the following steps: 

(i) providing nucleic acid expression vectors which are capable of being packaged using a component of a replicable 
genetic display package (rgdp); 

(ii) combining (a) a genetically diverse repertoire of nucleic acid sequences which each encode a first component 
part of an an .gen-binding site of a human antibody with (b) nucleic acid which encodes a unique or genetically 
diverse population of a second component part of an antigen-binding site of a non-human antibody known to bind 
said antigen of interest, to form a library of nucleic acid sequences on said expression vectors encoding antibody 
polypeptide dimers, which dimers each consist of a first polypeptide chain component and a second polypeptide 
chain component, a first antigen-binding site component part and a second antigen-binding site component part 
in combination forming an antigen-binding site of an antibody polypeptide dimer 

(iii) expressing said library from said vectors in recombinant host organism cells, each of the said first polypeptide 
chain components being expressed as a fusion with a component of an rgdp which thereby displays said first 
polypeptide chain component at the surface of rgdps; 

(iv) selecting from said expressed library by binding with antigen a unique or restricted population of said antibody 
polypeptide d.mers which have binding specificity for said antigen of interest, each selected antibody polypeptide 
dimer being associated in its respective rgdp with nucleic acid encoding a said first component part of the antigen- 
binding site thereof. a 

[0043] Antibody polypeptide dimers are defined elsewhere in the text. The term is broad enough to encompass Fab 
Fv and scFv fragments of antibodies as well as a complete arm of anantibody. 

[0044] A "component part of an antibody antigen-binding srte° may be or correspond to a polypeptide chain compo- 

rnp ^/J vu , ^, main ' H ° WeVer ' 11 may bS 3 CDR ' ° r a VL sec < uence P |US CDR of a VH ^ a VH sequence plus 
CDR of a VL, a VH plus VL sequence lacking only a CDR, and so on. The proviso is that the first and second component 
parts of an antigen-binding site of an antibody must in combination (together) form an antigen-binding site Thus if the 
second component part of an antigen-binding site of a non-human antibody specific for an antigen of interest is a CDR 
then the first component part of an antigen-binding site of a human antibody will comprise the remainder of a VH and 
VL region required to form a antigen-binding site (with or without associated antibody constant domains (in a Fab 
ch riir, ° r h W,th0U l a "J"' Pep,ide Se ^ uence < in a Fv ,ormat >- Cn a scFv format a linker peptide links a light 
cha,ndorm,ntoaheavycha,ndomain.)Thesecondcomponentpartofanantigen-bindingsiteofanonhum 
may comprise a VL domain plus part of a VH domain, that part being one or more CDRs.for instance, perhaps CDR3 
In such case, the first component part of an antigen-binding site of a human antibody would comprise the remainder 
of a VH sequence which in combination with the second component part forms an antigen-binding site. Of course the 
converse situation holds and the person skilled in the art will be able to envisage other combinations of first and second 
component parts which together form an antigen-binding site. 

[0045] There may be an additional step (v) wherein antibody polypeptide dimers selected in step (iv) are modified 
lonlntT ° r TT non - human cha ^nstics. This modification may be by genetically altering the dimers or a com- 
ponent thereof. This genetic alteration may be mutation, point mutation, insertion or deletion, for instance, specifically 
to remove or mask non-human residues, particubrly those residues which might invoke an anti-idiotypic immune re- 
sponse upon administration of the non-human/human hybrid antibody polypeptide dimers to a human 
[0046] The modification of step (v) may comprise: 

(a) combining a unique or restricted population of nucleic acid encoding said first antigen-binding site component 
parts selected in step (iv) with a genetically diverse repertoire of nucleic acid sequences each encoding a second 
component part of an antigen-binding site of human antibody, to form a second library of nucleic acid sequences 
encoding antibody polypeptide dimers, each antibody polypeptide dimer comprising a second antibody polypeptide 
chain component which is expressed from nucleic acid which is capable of being packaged using a component of 
an rgdp said second chain component being expressed as a fusion with a component of an rgdp which thereby 
display it at the surface of rgdps, so that antibody polypeptide dimers specific for said antigen of interest are 
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selectable from said second library by binding with said antigen of interest, each antibody polypeptide dimer being 
associated in its rgdp with nucleic acid encoding a second polypeptide component thereof. 

[0047] Selected antibody polypeptide dimers may be expressed as soluble polypeptides or in free form. 
5 [0048] As explained, said second component part of an antigen-binding site of a non-human antibody may be an 
antibody region which makes contact with antigen, that region perhaps being a complementarity determining region 
(CDR). 

[0049] Said second component part of an antigen-binding site of a non-human antibody may be a second polypeptide 
chain component of an antibody. 
10 [0050] The sequence encoding each said second component part of non-human antibody may be genetically altered 
to increase its homology to a second component part of a human antibody prior to said combination in step (ii) of the 
method. 

[0051] Each antibody polypeptide dimer of any of said libraries of antibody polypeptide dimers may be expressed 
as a single polypeptide chain, which could be a scFv fragment (preferably). An scFv fragment meets the requirements 

15 of the definition of an antibody polypeptide dimer. 

[0052] On the other hand, each antibody polypeptide dimer of any of said libraries of antibody polypeptide dimers 
may be expressed as two polypeptide chains, preferably as a Fv or a Fab fragment, but also perhaps as polypeptides 
with additional, non-antibody domains which will interact, either covalently or non-covalently, to hold the variable do- 
mains in a conformation which allows them to form an antigen-binding site. 

20 [0053] According to an aspect of the present invention there is provided a method of producing human antibody 
polypeptide dimers specific for an antigen of interest, comprising 

(i) combining a diverse population of polypeptides each comprising a variable domain of a first polypeptide chain 
of a human antibody (population A) with a unique or restricted population of polypeptides each comprising a variable 

25 domain of a second polypeptide chain of a non-human antibody specific for said antigen (population B), thereby 

forming a library of antibody polypeptide dimers each consisting of a polypeptide which comprises a variable do- 
main of a first polypeptide chain of a human antibody and a polypeptide which comprises a variable domain of a 
second polypeptide chain of a non-human antibody; 

(ii) selecting from said library a unique or restricted population of said antibody polypeptide dimers which have 
30 binding specificity for said antigen (population C); 

(iii) combining a unique or restricted population of polypeptides derived from polypeptide dimers selected in step 
(ii) each comprising a human first polypeptide chain (population D) with a diverse population of polypeptides each 
comprising a variable domain of a second polypeptide chain of a human antibody (population E), thereby forming 
a library of human antibody polypeptide chain dimers from which a unique or restricted population of human anti- 

35 body polypeptide dimers specific for said antigen (population F) are selectable. 

[0054] In a preferred embodiment of this aspect: 

(a) said polypeptides of population A are each expressed from a vector (X) in recombinant host organism cells as 
40 a fusion with a component of a replicable genetic display package (rgdp) which thereby displays said polypeptide 

at the surface of rgdps in a first population of rgdps; 

(b) nucleic acid of said vector (X) is capable of being packaged using said rgdp component, whereby the genetic 
material of each said rgdp encodes a said polypeptide of population A, so that the antibody polypeptide dimers of 
population C are each associated in their respective rgdp with nucleic acid encoding a polypeptide comprising a 

45 variable domain of a first polypeptide chain of a human antibody; 

(c) each of said polypeptides of population E is expressed from a vector (Y) in recombinant host organism cells 
as a fusion with a component of a rgdp which thereby displays it at the surface of rgdps in a second population of 
rgdps; and 

(d) nucleic acid of said vector (Y) is capable of being packaged using said rgdp component, whereby the genetic 
so material of each said rgdp in the second population of rgdps encodes a said polypeptide of population E. 

[0055] Said population A may be expressed from the same vector as said population B, or these populations may 
be not expressed from the same vector. Said population D may be expressed from the same vector as said population 
E, or these populations D and E may be not expressed from the same vector. In other words, the method might be in 
ss a dual combinatorial format or not, perhaps being in a hierarchical format, as discussed elsewhere, amongst other 
possibilities. 

[0056] Each antibody polypeptide dimer of any of said libraries of antibody polypeptide dimers may be expressed 
as a single polypeptide chain, which may be a scFv fragment. 
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[0057] Each antibody polypeptide dimer of any of said libraries of antibody polypeptide dimers may be expressed 
as two polypeptide chains, preferably a Fv or Fab fragment, as discussed already above in the context of another 
aspect of the present invention. 

[0058] Polypeptides of said population B may be chimaeric, each comprising a human antibody constant domain 
s (along with a non-human, eg. rodent, variable domain). 

[0059] The polypeptides of said population E may each comprise a region from a non-human antibody specific for 
said antigen, which region is one which makes contact with antigen, such as a complementarity determining region 
(CDR), particularly CDR3. 

[0060] Said first polypeptide chain may be antibody light chain, said second polypeptide chain being antibody heavy 
10 chain, or vice versa. 

[0061] There may be an additional step of selecting said population F of human antibody polypeptide dimers specific 
for said antigen. 

[0062] Any one of said populations C and F may be selected by binding with said antigen. 

[0063] The present invention also encompasses kits comprising vectors and reagents for use in any of the methods. 

is It further extends to libraries and antibodies or antibody fragments produced by any of the methods. Also encompassed 
by the present invention is a method wherein nucleic acid encoding any selected polypeptide components of an antibody 
polypeptide dimer, or encoding a selected antibody polypeptide dimer, is used to express said polypeptide component 
or polypeptide dimer or a derivative thereof in a recombinant host organism. Any polypeptide or dimer from a library 
produced using a method according to the present invention may be modified to produce a derivative thereof, or used 

20 to prepare a therapeutic or prophylactic medicament or a diagnostic product. 

[0064] Demonstrated here are new methods of making antibodies, by utilising sequences from the antigen binding 
site of an antibody or population of antibodies directed against an antigen of interest. This offers another means of 
humanising animal antibodies with defined antigen binding activities. Thus for a single rodent antibody, sequences 
comprising part of the antigen binding site of the antibody may be combined with diverse repertoires of sequences of 

25 human antibodies that can in combination create a complete antigen binding site. The original rodent (and human) 
sequences could comprise entire chains or parts of chains. For example the light chain of a rodent antibody could be 
combined with a repertoire of human heavy chain variable domains; or the third CDR of the heavy chain of a rodent 
antibody could be combined with a repertoire of human heavy chains encoding the rest of the heavy chain variable 
domains and a repertoire of human light chain variable domains. The antigen binding sites comprising these sequences 

30 are then selected for binding to antigen. 

[0065] The sequences comprising a component part of the antigen binding site could be a portion of primary sequence 
generally thought to be involved in antigen binding, for example a CDR or CDRs, or the residues at the tip of the loop 
of (a) CDR(s). Alternatively, the sequences could be sequences of the antibody that are known to contact the antigen, 
as determined for example from the structure of a complex of antigen and antibody solved by X-ray crystallography or 

35 NMR, or as determined from site directed mutagenesis of the antibody. 

[0066] The antigen binding sites created by this process differ from those created by CDR grafting, in that only the 
portion of sequence of the original rodent antibody is likely to make contacts with antigen in a similar manner. The 
selected human sequences are likely to differ in sequence and make alternative contacts with the antigen from those 
of the original binding site. However, the constraints imposed by binding of the portion of original sequence to antigen 

40 and the shapes of the antigen and its antigen binding sites, are likely to drive the new contacts of the human sequences 
to the same region or epitope of the antigen. We have therefore termed the process "epitope imprinted selection" (EIS). 
[0067] Starting with an animal antibody, one process results in the selection of antibodies that are partly human 
antibodies. Such antibodies may be sufficiently similar in sequence to human antibodies to be used directly in therapy 
or after alteration of a few key residues. For example, antibodies created with human heavy and light chain variable 

45 domains that also comprise the VH-CDR3 region from a rodent antibody will closely resemble genuine human anti- 
bodies as the CDR3 region of both human and rodent antibodies is highly variable. Likewise the light chains of some 
rodent antibodies are very similar in sequence to the light chains of human anitbodies. Thus antibodies created from 
these rodent light chains in combination with a repertoire of human heavy chains may closely resemble human anti- 
bodies. Sequence differences between the rodent component of the selected antibody with human sequences could 

50 be minimised by replacing those residues that differ with the residues of human sequences, for example, by site directed 
mutagenesis of individual residues, or by CDR grafting of entire loops. Instead of starting with an animal antibody, it 
should also be possible to start with an genetically engineered antibody derived from an animal antibody. The starting 
engineered antibody might for example be a CDR grafted antibody with human framework regions and mouse com- 
plementarity regions (as described in GB2188638B, for instance). Alternatively the starting engineered antibody could 

55 comprise heavy or light chains in which residues had been altered to maximise sequence homology with human anti- 
bodies. 

[0068] However, the invention may also be used to create antibodies with entirely human sequences. For example, 
starting with a partly human antibody with human heavy chain non-human, e.g. mouse, light chain, the non-human 
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light chain could be replaced by repertoires of human light chains. In this way, the sequences of the selected antibodies 
will be entirely human and yet the antigen binding site should be directed towards the same epitope of the antigen. 
EIS therefore offers a method for making partly human or entirely human antibodies that bind to the same epitope as 
animal or partly human antibodies respectively. 

5 [0069] In CDR grafting the entire antigen binding site is transplanted, and it is usually necessary to test only one or 
a lew antibodies for binding to antigen. However, EIS may use only part of the antigen binding site in combination with 
a, perhaps very large, repertoire of human sequences, when there is a requirement for the screening of a much larger 
number of antibodies. Indeed in a preferred embodiment, repertoires of antibody fragments are displayed on the surface 
of filamentous phage and the genes encoding fragments with antigen binding activities are selected by binding of the 

10 phage to antigen. It was disclosed in patent application WO 92/01047 that antibody fragments can be displayed on 
phage and that they will bind antigen and that they can be selected. The ability to select antibodies provided by the 
use of display on phage as described in WO 92/01047 allows the rapid screening of large numbers of humanised 
antibody derivatives which can be generated using insertion of CDRs at restriction sites or in vitro mutagenesis tech- 
niques (Riechmann et al, 1 988 supra; Patent GB2188638B) or using PCR technology (B,L Daugherty et al 1 991 Nucl. 

15 Acids Res. 19, pp2471-2476). In the application WO 92/01047, the generation of hierarchical libraries was described 
in which one antibody heavy or light chain variable domain was kept constant and displayed on phage with a library 
of the complementary chain variable domain for the selection of partners that bind to antigen. Such an approach gen- 
erates a highly diverse pool of heavy and light chain variable domain combinations from which antibody specificities 
can be selected. Chain shuffling has been applied, for example, to obtaining further light chain and heavy chain partners 

20 for the complementary chain of a hapten binding antibody (Clackson et al, 1991 , Nature, 352, 624-628) and to build 
high affinity human antibodies (J.D. Marks et al, 1992 Bio/Technology 10, 779-783). In these cases, the new partner 
chains were highly related in sequence to those chains seen in the original combination. 

[0070] In these examples, chains of different species were not combined. However, there is a report of an attempt 
to shuffle the heavy chains of a mouse antibody directed against a hapten with a repertoire of human light chains (and 

25 also with a repertoire of mouse light chains), and screening for binding of individual clones to antigen using nitrocellulose 
filters. However, no binders were detected, nor was the process proposed as a means to "humanise" mouse antibodies 
(A.S. Kang et al, Proc. Natl. Acad. Sci. USA 1991, 88, 11120-11123). The authors concluded that the "redesign of 
antibodies through recombination of a somatically mutated chain with a naive partner may be a difficult process". The 
use of EIS (as illustrated by chain shuffling using chains from different species) therefore appears to be a novel concept. 

30 Furthermore, in view of the example from Kang et al, 1 991 supra, it is surprising that antigen binding combinations can 
be produced by combining the chains from a mouse antibody with repertoires of chains from unimmunised human 
sources (as described in Example 1 below). 

[0071] There are a wide range of formats for use of methods according to the present invention. For example: 

35 (1 ) the use of Fv, single chain Fv and Fab fragments is favoured for expression in bacteria or display on filamentous 

phage (for Fab fragments see Examples 1 and 2; for scFv see Examples 3 and 4). Most preferably, the antibody 
fragments are displayed on filamentous phage, and the phages selected directly to binding to antigen. The anti- 
bodies selected by these procedures may be used directly, or fused with further coding sequences, for example 
with human constant regions to generate antibody molecules with human effector functions. The variable domains 

40 could also be fused to sequences encoding an enzyme or a toxin molecule to allow antibody directed targeting of 

drugs or toxins to particular cell types. 

(2) The repertoires of human chains may be readily provided from any of several possible repertoires of V-genes, 
for example from the rearranged V-genes of unimmunised humans (Marks et al, 1 991 , J. Mol. Biol. , 222, pp581 -597; 
and Example 1 ), or from immunised humans, or from synthetic V-gene repertoires. For instance, libraries of human 

45 germ line heavy and light chain V-genes may be generated with synthetic CDR3 regions incorporating human J 

regions and antibody specificities isolated (Hoogenboom and Winter, 1992, J. Mol Biol., 227, pp381-388). Further- 
more, it may be possible to use repertoires of human V-genes (for example made synthetically) which are closely 
related in sequence (perhaps the most homologous) to each of the chains of a mouse antibody. (See Example 5). 

(3) The heavy and light chains of the original antibody may be provided by their encoding V-genes (isolated for 
so example by PCR, Orlandi et al., 1 989) (Examples 1 , 2 and 3) However, it is also possible to start with a repertoire 

of mouse chains, preferably raised by immunisation (Example 4). For example, a repertoire of mouse heavy chains 
could be combined with mouse light chains and selected for binding (as in Clackson et al.,1 991 supra): the selected 
repertoires of paired chains could then be recombined with repertoires of complementary human chains to force 
new pairings. Alternatively, the repertoire of mouse chains from the mRNA of an immunised mouse could simply 
55 be combined with a repertoire of complementary human chains. 

(4) It is possible to use entire heavy and light chain variable domains, as in "chain shuffling" methods or component 
parts of the chains, for example as in Marks et al, 1992 supra, by retaining the light chain and CDR3 of the heavy 
chain of an antibody (and shuffling this sequence with a repertoire of chains comprising the remainder of the heavy 
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cha.n variable domain CDRs 1 and 2). One embodiment of the present invention, illustrated by examples 2 and 
3 .involves i retaining at least one region from the original parent non-human antibody, which region contacts antigen 
when shuffling with human chains, or component parts of human antibody antigen-binding site. This region may 
be a CDR, in which case the procedure is "CDR-imprinted selection". ' " 

[0072] Indeed, in examples 2 and 3, the CDR3 of the original mouse heavy chain was retained, and combined with 
a repertoire of human heavy chain variable domains by PCR amplification of a repertoire of human heavy chain variable 
domains with a primer incorporating the mouse CDR3. The retention of mouse VH<;DR3 may be particularly advan- 
tageous in that CDR3 of the heavy chain is often most important for antigen binding anyaovan 
wi?h 7 hLI h, T nCiPle T' d ^ 6Xtended t0 3 m ° USe CDR3 repert0ire ^ am P |if y in 9 the rearranged mouse VH genes 
would hZtf hft T erS h°T^ Pr T rS) hUman VH frameWork 3 primers < backward P"™«»- These primers 

cdfST^mw* I 9 "S ,°u m0l09y t0 b ° ,h m ° USe and human V " 9enes - The am P |ified DNA re P^oire of mouse 
CDR3s could then be assembled by PCR with a repertoire of human heavy chain genes. 

SJT 8 C J a J. sh u Uffling c u ould be P erformed usin 9 tw ° ^Plicons, for example using a dual combinatorial procedure 
as described ,n Hoogenboom et al, 1 991 Nucleic Acids Research.1 9, pp41 33-41 37, in which the chain which is to 
be kept constant is cloned ,n one replicon, for instance a phage, and then combined with a repertoire of chains in 
another replicon, for mstance a plasmid, as illustrated in Example 1. Alternative methods enabling both chains to 

»nH C °nhf r S9me reP ' iCOn With W9h effi ° ienCy h8Ve alS0 been devised - These a 9 ai " rely on cloning heavy 
vl,l?lf,K ^ ST h ° n Separa,S reP ' iCOnS ' bUt this ,ime wi,h ,he aim of pramotin 9 recombination between two 
vectors so that both chains are placed on the same replicon. An example system is based on the lox P/Cre re- 

alnnlL k ' PP l 9 " 1 °\ Spri "9 er - Verte 9- Ber,i ^ Heidelberg,. For the dual combinatorial procedure the 
the^ 

In Tuf ^ Cha ' n ' S SXPreSSed ° n ° nS repliC0n ' eg " pha 9 e - and ,he lj 9 ht c " a 'n on the other, 

eg. plasmid. The V doma.ns of the Fab fragment to be used in the shuffling procedures as a source of new spe- 
aficrties may optional be fused to cloned human domains eg. Cyl and Ck domains. (The V-domains can also be 
fused directly to the CH1 , Ck or C* domains by amplifying directly from the human antibody mRNA repertoire.) 

K2L TTZ?' Ch8in ShUff " n9 ° an bS Pert ° rmed in a sin9le re P" con usin 9 a PCR assembly process as in 
Clackson et al, 1 991 , supra, or by sequential cloning of libraries of restriction fragments at appropriate sites which have 

™-, n c r°;r ated Int ° ,hG ° ri9inal COns,ruc,s ' for instance int0 the region of a single chain Fv 

2°ZT inV ! n, !° n anC ° mpaSSes ,he re P' aceme "t of both chains by two shuffle steps and in one embod- 
2t! n , ^ \ hUman 3n,ib0dy Wi,h Simi ' ar ° r impr0Ved Characteristics to a non-human, eg rodent 
antibodyjn this embod.ment, the parent eg rodent antibody would be made into a "phage antibody" A phage anS 

r^nt ^ 6 H 35 L a h baC,eriophage virus partic,e wh ich displays a, its surface an antibody, an aLodTdelate 2 
fragment, such as Fab, Fv, scFv etc, or a domain homologous to an immunoglobulin domain: see WO 92/01047 One 

TnZZ^ZT™* W f h , a repe f° ire ° f Ch3inS deriV8d ,f0m 3 human immunoglobulin repertoire, for example from 
an adult lymphocyte population or from fetal or artificially derived sources. This mixed population of phage can be 

cons 1 ofo r t0 defiVe 3 P ° PUla,i0n ° f Ph3ge antib0di6S that bind * the ori 9-al an gen but now 

cons.s to of one (eg) rodent and one human antibody chain. The remaining rodent chain can be replaced by a reperto™ 

JSiESS h P ° P °k °1 a ? b ° d,eS iS ° btained Which Sti " binds antige ". a PoP^ation consisting of antibodies 

chains - Thus the ori9inal rodent an,ibody has been "» a ««■»* 

™I k The genarati0 " <* a ' a r9e number of humanised antibodies by methods according to the present invention 
may have advantages beyond allowing selection of antibodies of desired affinity and specificity When humanised 
antibodies are used in humans in therapy it is possible that there may be an anti-Wiotype responsHhe «Z£ 

TT Bd l nti - idi ° ,yPe reSPOnSe Wh8n administered in vivo and « h - a •* 'he bwes, s 
? w L ti™ T r, T y ^ b9 administered therapeuticalfy until an an.i-idiotype response is detected 
at which time the ant.body used ,s switched to a second, equally effective antibody with a different idiotype 

E»i rr^TJ 86 ,? b ° dieS ^ iCH may bS ° b,ained USing thS present inven,ion are like| v ,0 be better'than con- 
ventional CDR-grafted humanised antibodies, in the sense that they will be less likely to invoke an anti-idiotypic re- 

[0078] The antibodies selected by the procedures of the present invention may be used directly in the single chain 
Fv or Fab format. Alternatively , the variable domains may be fused with further coding sequencer Z. S 

SomainsTu El Me$ ^ '° r 6Xample ' human effec «°' '^tio s iTvariabS 
domains could be fused to sequences encoding an enzyme or a toxin molecule to allow antibody directed targeting of 



10 



EP 0 605 522 B1 



drugs or toxins to particular cell types (although if these molecules are not of human origin some of the advantages of 
humanising are lost). 

[0079] Although the isolation of antibodies by selection for binding to antigen may be performed using phage display 
at each stage, where chain shuffling is performed by PCR assembly or insertion of restriction fragments, particularly 
5 when the numbers have been reduced the antibodies may be screened for antigen binding using a filter assay (A. 
Skerra et al 1991 Anal Biochem 196 151-155; M.L Dreher et al 1991 J. Immunol Methods 139 197-205; PCT/ 
GB90/01476). These procedures will be effective with a relatively small number of clones compared with the number 
which can be handled using phage display . 

[0080] Aspects and embodiments of the present invention will now be explained further by means of the following 
10 examples. These are intended to illustrate the invention without limitation. In addition to the documents mentioned 
throughout the text, attention is drawn to WO 92/01047 wherein many of the materials and methods used here were 
described. The disclosure of WO 92/01047 is herein incorporated by reference. Readers of the present document are 
urged to consult WO 92/01047 for further details and explanation of functional display of antibodies and antibody 
fragments, including antibody polypeptide dimers, on the surface of rgdps. Throughout the text there are references 
15 to figures, wherein; 

[0081] Figure 1 shows the principle of Epitope Imprinted Selection. 
[0082] Figure 2 shows the polylinker region of vector pUC19-pelB-myc. (SEQ.ID NO: 126) 
[0083] Figure 3 shows results of ELISA of phage displaying Fab fragments, with one chain displayed on phage as 
a g3p fusion (indicated by fd-...), and the other chain provided as a secreted, soluble chain partner 
20 [0084] Figure 4 shows a specificity ELISA of the original Mab32 antibody and a range of mouse (scFv-Mab32) and 
human (other scFv) antibodies. 

[0085] Figure 5 shows nucleotide and deduced amino-acid sequences of the V-genes of Mab32. The CDR-regions 
are in bold. (Heavy chain nucleotides SEQ ID NO:2; Light chain ammo acids SEQ ID NO:3; Light chain nucleotides 
SEQ ID NO:4). 

25 [0086] Figure 6 shows the deduced protein sequences of V H and V L antibody genes of antibody fragments binding 
to human TNF. 

[0087] (Light chains: Mab32 SEQ ID NO:110; VXJ-1-1 SEQ ID NO:111; VXAZ SEQ ID NO:112; VA.C4 SEQ ID NO: 
113; V7.D1 SEQ ID NO: 114. Heavy chains: Mab32 SEQ ID NO: 11 5; DP-51 SEQ ID NO: 116; VHP1 SEQ ID NO:117; 
VHP2 SEQ ID NO: 133; VHP3 SEQ ID NO:134; DP-46 SEQ ID NO: 11 8; VHLM2 SEQ ID NO:135; VHLM8 SEQ ID NO: 
30 141). 

[0088] Figure 7 shows the results of a competition ELISA between FabMab32 and single chain Fv fragments. 
[0089] Figure 8 shows an example of a scheme for humanising a mouse antibody using CDR imprinted selection 
using a dual combinatorial method. 

[0090] Figure 9 shows an example of a scheme for humanising a mouse antibody using CDR imprinted selection 
35 using combinatorial libraries in a single replicon, single chain Fv format. 

[0091] Figure 10 shows relative ELISA signals obtained with scFv fragments selected by CDR imprinted selection 
compared to the original F58 single chain Fv fragment. 

[0092] Figure 11 shows the deduced amino acid sequences of the selected heavy chains Graft/27, Graft/2, Graft/H3 
and Graft/H9 in comparison to the original F58 heavy chain and to the most closely related human germ line VH genes. 
40 (VH6: F58 SEQ ID NO:127; DP-74 SEQ ID NO:128; Graft/27 SEQ ID NO:136; Graft/2 SEQ ID NO:137; GRAFT/H3 
SEQ ID NO:138; GRAFT/H9 SEQ ID NO:139. VH1: F58 SEQ ID NO:129, DP-2 SEQ ID NO:130; Graft/20 SEQ ID NO: 
140). 

[0093] Figure 12 shows the vector pCANTAB3-myc and the DNA and amino acid sequences in the region of the 
cloning site. (SEQ ID NO: 131). 

45 [0094] Figure 13 shows the vector pCANTAB5-myc and the DNA and amino acid sequence in the region of the 
cloning site. (SEQ ID NO: 132). 

[0095] Figure 14 shows the assembly of rearranged VH genes. 

[0096] Table 1 lists oligonucleotide primers and peptides mentioned in the text. The attention of readers of this doc- 
ument is directed to table 1 for sequence information on these oligonucleotides and peptides, complete with the SEQ 
so ID NO of sequences in the listing. 



55 
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Table 1 - Oligonucleotides Used 
PRIMER 



SEQUENCE 



SEQ ID NO: 5 MOJK1FORNX 



SEQ ID NO: 6 MVKBASFI 



SEQ ID NO: 7 MOVK-HUCK-BACK 



SEQ ID NO: 8 HUCKNOT 1 6NOMYC 



SEQ ID NO: 9 VH1FOR-2 



SEQ ID NO: 10 Mo-VH-Hu-CHl 



SEQ ID NO: 11 HCM1FONO 



SEQ ID NO: 12 HUCKCYSNOT 



SEQ ID NO: 12 HUCLCYSNOT 



SEQ ID NO: 14 MVKBAAPA 



5'-CCG TTT GAT TTC CAG CTT 
GGT GCC-3' 

5 '-CAT GAC CAC GCG GCC CAG 
CCG GCC ATG GCC GAC ATT 
GAG CTC ACC CAG TCT CCA- 3' 

5'-GGC ACC AAG CTG GAA ATC 
AAA CGG ACT GTG GCT GCA 
CCA TCT GTC TTC- 3' 

5 1 -GAG TCA TTC TCG ACT TGC 
GGC CGC TTA TTA ACA CTC 
TCC CCT GTT GAA GCT CTT-3' 

5 ' -TGA GGA GAC GGT GAC CGT 
GGT CCC TTG GCC CC-3 f 

5'-GGG ACC ACG GTC ACC GTC 
TCC TCA GGA AGT GCA TCC 
GCC CCA ACC CTT TTC- 3' 

5 ' -CCA CGA TTC TGC GGC CGC 
CAC TGG AAG AGG CAC GTT 
CTT TTC TTT- 3' 

5 ' -GAG TCA TTC TCG ACT TGC 
GGC CGC ACA CTC TCC CCT 
GTT GAA GCT CTT-3 ' 

5 ' -GAG TCA TTC TCG ACT TGC 
GGC CGC TGA ACA TTC TGT 
AGG GGC CAC TGT CTT- 3' 

5* -CAC AGT GCA CTC GAC ATT 
GAG CTC ACC CAG TCT CCA-3 ' 
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SEQ ID NO: 107 VH1BACKAPA 5 1 -CAT GAC CAC AGT GCA CAG 

GTS MAR CTG CAG SAG TCW 
GG-3' 

SEQ ID NO: 15 HCM1FONO 5 ' -CCA CGA TTC TGC GGC CGC 

CAC TGG AAG AGG CAC GTT 
CTT TTC TTT-3 1 

SEQ ID NO: 16 HCM1FO 5 ' -TGG AAG AGG CAC GTT CTT 

TTC TTT-3' 

SEQ ID NO: 17 HUCLCYS 5 1 -TGA ACA TTC TGT AGG GGC 

CAC TGT CTT- 3' 

SEQ ID NO: 18 HUCKCYS 5 ' -ACA CTC TCC CCT GTT GAA 

GCT CTT-3 1 

SEQ ID NO: 19 fd-PCR-BACK S'-GCG ATG GTT GTT GTC ATT 

GTC GGC-3' 

SEQ ID NO: 20 fd-SEQl 5 ' -GAA TTT TCT GTA TGA GG- 

3' 

SEQ ID NO : 21 HULAMBDASEQ 5 ' -GTG TGG CCT TGT TGG CTT 

G-3' 

SEQ ID NO: 22 pHEN-SEQ 5 ' -CTA TGC GGC CCC ATT CA- 

3' 

SEQ ID NO: 23 LINKSEQ 5 ' -CGA TCC GCC ACC GCC AGA 

G-3' 

SEQ ID NO: 24 HU-MCH1FORSEQ2 5 ' -AGG AAG TCC TGT GCG AGG 

CAG- 3' 

SEQ ID NO: 25 HuVLlBACKSFI 5 1 -GTC CTC GCA ACT CGC GCC 

CAG CCG GCC ATG GCC CAG 
TCT GTG TTG ACG CAG CCG 
CC-3' 

SEQ ID NO: 26 HuCLl FORAMBNOT 5 ' -CCA CGA TTC TGC GGC CGC 

CTA TGA ACA TTC TGT AGG 
GGT CAC TGT- 3' 

SEQ ID NO: 108 VH1BACKSFI15 5 ' -CAT GCC ATG ACT CGC GGC 

CCA GCC GGC CAT GGC CSA 
GGT SMA RCT GCA GSA GTC 
( A/T )GG 

SEQ ID NO: 27 HuJH4FORASSXHoI 5 ' -GCCTGAACCGCCTCCACCTCTCGA 

GAACGGTGACCAGGG-3 1 

SEQ ID NO: 28 HuVBLBACK-XhoI 5 ' -CTGGTCACCGTCTCGAGAGGTGGA 

GGC- 3* 

SEQ ID NO: 29 HuJH4FORSalI 5 ' -GGAGGATGCACTTGTCGACACGGT 
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GACCAG-3' 



Human VH Back Primers 



SEQ ID NO: 30 HuVHlaBACK 5 ' -CAG GTG CAG CTG GTG CAG 

TCT GG-3' 

SEQ ID NO: 31 HuVH2aBACK 5 ■ -CAG GTC AAC TTA AGG GAG 

10 TCT GG-3* 

SEQ ID NO: 32 HuVH3aBACK 5 1 -GAG GTG CAG CTG GTG GAG 

TCT GG-3' 

75 SEQ ID NO: 33 HuVH4aBACK 5 ' -CAG GTG CAG CTG CAG GAG 

TCG GG-3 ' 

SEQ ID NO: 34 HuVHSaBACK 5'-GAG GTG CAG CTG TTG CAG 

TCT GC-3' 

20 

SEQ ID NO: 35 HuVH6aBACK 5 * -CAG TGA CAG CTG CAG CAG 

TCA GG-3' 

Human IgM Constant Region Primer 

SEQ ID NO: 36 HulgMFOR 5'-TGG AAG AGG CAC GTT CTT 

TTC TTT-3 ' 

Human K Constant Region Primer 

SEQ ID NO: 37 HuCkFOR 5 ' -AGA CTC TCC CCT GTT GAA 

GCT CTT -3' 

Human X Constant Region Primer 

SEQ ID NO: 38 HuOvFOR 5' -TGA AGA TTC TGT AGG GGC 

CAC TGT CTT- 3 1 

Human JH Forward Primers 

SEQ ID NO: 39 HuJHl-2FOR 5 ' -TGA GGA GAC GGT GAC CAG 

GGT GCC-3* 

SEQ ID NO: 40 HuJH3FOR 5 ' -TGA AGA GAC GGT GAC CAT 

TGT CCC-3' 

SEQ ID NO: 41 HuJH4~5FOR 5 1 -TGA GGA GAC GGT GAC CAG 

GGT TCC- 3' 

SEQ ID NO: 42 HuJHSFOR 5 ' -TGA GGA GAC GGT GAC CGT 

60 GGT CCC-3' 

VH BACK PRIMERS WITH APA LI SITES 

SEQ ID NO: 43 HUVH1BAAPA 5 1 -CAT GAC CAC AGT GCA CAG 

GTG CAG CTG GTG CAG TCT 
55 GG-3 ' 



25 



30 



35 



40 



45 
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SEQ ID NO: 44 HUVH2BAAPA 5 ' -CAT GAC CAC AGT GCA CAG 

GTC AAC TTA AGG GAG TCT 
GG-3' 

SEQ ID NO: 45 HUVH3BAAPA 5 ' -CAT GAC CAC AGT GCA CAG 

GTG CAG CTG GTG GAG TCT 
GG-3 1 

SEQ ID NO: 46 HUVH4BAAPA 5 1 -CAT GAC CAC AGT GCA CAG 

GTG CAG CTG CAG GAG TCG 
GG-3 1 

SEQ ID NO: 47 HUVH5BAAPA 5 1 -CAT GAC CAC AGT GCA CAG 

GTG CAG CTG TTG CAG TCT 
GC-3' 

SEQ ID NO: 48 HUVH6BAAPA 5 ' -CAT GAC CAC AGT GCA CAG 

GTA CAG CTG CAG CAG TCA 
GG-3 1 

JHSAL primers 

SEQ ID NO: 49 HUJH1-2FORSAL 5 ' -GAG TCA TTC TCG TGT CGA 

CAC GGT GAC CAG GGT GCC-3 1 

SEQ ID NO: 50 HUJH3FORSAL 5 ' -GAG TCA TTC TCG TGT CGA 

CAC GGT GAC CAT TGT CCC-3' 

SEQ ID NO: 51 HUJH4-5FORSAL 5 * -GAG TCA TTC TCG TGT CGA 

CAC GGT GAC CAG GGT TCC-3' 

SEQ ID NO: 52 HUJH6FORSAL 5 ' -GAG TCA TTC TCG TGT CGA 

CAC GGT GAC CGT GGT CCC-3 ' 

LAMBDA BACK PRIMERS WITH SFI SITES 

SEQ ID NO: 53 HUVLIBASFI : 5 1 -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC CAG 
TCT GTG TTG ACG CAG CCG 
CC-3' 

SEQ ID NO: 54 HUVL2BASFI : 5 ' -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC CAG 
TCT GCC CTG ACT CAG CCT 
GC-3' 

SEQ ID NO: 55 HUVL3aBASFI : 5 1 -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC TCC 
TAT GTG CTG ACT CAG CCA 
CC-3' 

SEQ ID NO: 56 HUVL3bBASFI: 5 ' -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC TCT 
TCT GAG CTG ACT CAG GAC 
CC-3' 
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SEQ ID NO: 57 HUVL4BASFI : 5 ' -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC CAG 
GTT ATA CTG ACT CAA CCG 
CC-3' 



SEQ ID NO: 58 HUVL5BASFI: 5 1 -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC CAG 

GCT GTG CTC ACT CAG CCG 
TC-3' 

SEQ ID NO: 59 HUVL6BASFI : 5 1 -GTC CTC GCA ACT GCG GCC 

CAG CCG GCC ATG GCC AAT 

TTT ATG CTG ACT CAG CCC 
CA-3' 



KAPPA BACK PRIMERS WITH SFI SITES 



SEQ ID NO: 60 HUVK1BASFI : 



SEQ ID NO: 61 HUVK2BASFI : 



SEQ ID NO: 62 HUVK3BASFI : 



SEQ ID NO: 63 HUVK4BASFI : 



SEQ ID NO: 64 HUVK5BASFI: 



SEQ ID NO: 65 HUVK6BASFI : 



5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAC 
ATC CAG ATG ACC CAG TCT 
CC-3 ' 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAT 
GTT GTG ATG ACT CAG TCT 
CC-3 1 

5 f -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAA 
ATT GTG TTG ACG CAG TCT 
CC-3' 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAC 
ATC GTG ATG ACC CAG TCT 

CC-3' 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GGA 
ACG ACA CTC ACG CAG TCT 
CC-3 1 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC GAA 
ATT GTG CTG ACT CAG TCT 
CC-3' 



SEQ ID NO: 66 HUCLFORSERASCNOT 5 ' -GAG TCA TTC TCG ACT TGC 

GGC CGC CTG CTA TTA TCG 

GGC GCG CCT TTA TTA TGA 

AGA TTC TGT AGG GGC CAC 
TGT CTT-3* 

SEQ ID NO: 67 HUCKFORSERASCNOT 5 ' -GAG TCA TTC TCG ACT TGC 

GGC CGC CTG CTA TTA TCG 

GGC GCG CCT TTA TTA AGA 
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CTC TCC CCT GTT GAA GCT 
CTT-3' 

SEQ ID NO: 68 HUCKFORSER 5 ' -AGA CTC TCC CCT TTT GAA 

GCT CTT-3' 

SEQ ID NO: 69 HUCLFORSER 5 1 -TGA AGA TTC TGT AGG GGC 

CAC TGT CTT-3' 

SEQ ID NO: 70 HUCKFORSERNOT 5 1 -GAG TCA TTC TCG ACT TGC 

GGC GGC AGA CTC TCC CCT 
GTT GAA GCT CTT-3' 

SEQ ID NO: 71 HUCLFORSERNOT 5 1 -GAG TCA TTC TCG ACT TGC 

GGC CGC TGA AGA TTC TGT 
AGG GGC CAC TGT CTT-3 1 

Human VK Back Primers 

SEQ ID NO: 72 HuVklaBACK 5 ' -GAC ATC CAG ATG ACC CAG 

TCT CC-3' 

SEQ ID NO: 73 HuVk2aBACK 5 1 -GAT GTT GTG ATG ACT CAG 

TCT CC-3' 

SEQ ID NO: 74 HuVk3aBACK 5 ' -GAA ATT GTG TTG ACG CAG 

TCT CC-3* 

SEQ ID NO: 75 HuVK4aBACK 5 ' -GAC ATC GTG ATG ACC CAG 

TCT CC-3' 

SEQ ID NO: 76 HuVk5aBACK 5 ' -GAA ACG ACA CTC ACG CAG 

TCT CC-3* 

SEQ ID NO: 77 HuVk6aBACK 5 ' -GAA ATT GTG CTG ACT CAG 

TCT CC-3* 

Human X Back Primers 

SEQ ID NO: 78 HuXlBACK 5 ' -CAG TCT GTG TTG ACG CAG 

CCG CC-3' 

SEQ ID NO: 79 HuXBACK 5 ' -CAG TCT GCC CTG ACT CAG 

CCT GC-3' 

SEQ ID NO: 80 HuX3aBACK 5' -TCC TAT GTG CTG ACT CAG 

CCA CC-3' 

SEQ ID NO: 81 HuX3bBACK 5 ' -TCT TCT GAG CTG ACT CAG 

GAC CC-3' 

SEQ ID NO: 82 HuX4BACK 5 ' -CAC GTT ATA CTG ACT CAA 

CCG CC-3' 

SEQ ID NO: 83 HuX5BACK 5' -CAG GCT GTG CTC ACT CAG 

CCG TC-3' 
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5 ' - A AT TTT ATG CTG ACT CAG 
CCC CA-3' 

5* -GTC CTC GCA ACT GGC GCG 
CCA CAA TTT CAC AGT AAG 
GAG GTT TAA CTT GTG AAA 
AAA TTA TTA TTC GCA ATT-3 ' 

5'-GGA TGC ACT TGT CGA CAC 
GGT GAC CAG GGT ACC TTG 
GCC CCA GTA GTC AAA GTA 
GTA GTC CTC TTC GTA ATC 
ATA GTA GAT CAG GTC ACA 
GTA ATA CAC GGC CGT GTC -3' 

5 1 -GGA TGC ACT TGT CGA CAC 
GGT GAC CAG GGT ACC TTG 
GCC CCA GTA GTC AAA GTA 
GTA GTC CTC TTC GTA ATC 
ATA GTA GAT CAG GTC ACA 
GTA ATA CAC GGC CGT GTC- 3' 

LAMBDA BACK PRIMERS WITH APA LI SITES 

SEQ ID NO: 88 HUVL1BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

CAG TCT GTG TTG ACG CAG 
CCG CC-3* 

SEQ ID NO: 89 HUVL2BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

CAG TCT GCC CTG ACT CAG 
CCT GC-3' 

SEQ ID NO: 90 HUVL3aBAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

TCC TAT GTG CTG ACT CAG 

CCA CC-3' 

SEQ ID NO: 91 HUVL3bBAAPA : 5 1 -TGA GCA CAC AGT GCA CTC 

TCT TCT GAG CTG ACT CAG 
GAC CC-3' 

SEQ ID NO: 92 HUVL4BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

CAG GTT ATA CTG ACT CAA 
CCG CC-3* 

SEQ ID NO: 93 HUVL5BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

CAG GCT GTG CTC ACT CAG 
CCG TC-3' 

SEQ ID NO: 94 HUVL6BAAPA: 5 ' -TGA GCA CAC AGT GCA CTC 

AAT TTT ATG CTG ACT CAG 
CCC CA-3 1 

KAPPA BACK PRIMERS WITH APA LI SITES 

SEQ ID NO: 95 HUVK1 BAAPA : 5 ' -TGA GCA CAC AGT GCA CTC 

GAC ATC CAG ATG ACC CAG 
TCT CC-3' 



SEQ ID NO: 84 
SEQ ID NO: 85 

SEQ ID NO: 86 
SEQ ID NO: 87 



HuJv6BACK 
G3LASCGTGBACK 

F58GRAFT JH4SAL 
F58GRAFTSAL 
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SEQ ID NO: 96 HUVK2BAAPA: 5 1 -TGA GCA CAC AGT GCA CTC 

GAT GTT GTG ATG ACT CAG 
TCT CC-3* 



SEQ ID NO: 97 HUVK3BAAPA: 

SEQ ID NO: 98 HUVK4BAAPA: 

SEQ ID NO: 99 HUVK5BAAPA: 

SEQ ID NO: 100 HUVK6BAAPA: 

Human VH Back Primers 

SEQ ID NO: 101 HuVHlaBACKSf i 

SEQ ID NO: 102 Hu VH2aBACKS f i 

SEQ ID NO: 103 HuVH3aBACKSf i 

SEQ ID NO: 104 HuVH4aBACKSf i 

SEQ ID NO: 105 HuVHSaBACKSf i 

SEQ ID NO: 106 HuVH6aBACKSf i 



5 ' -TGA GCA CAC AGT GCA CTC 
GAA ATT GTG TTG ACG CAG 
TCT CC-3* 

5' -TGA GCA CAC AGT GCA CTC 
GAC ATC GTG ATG ACC CAG 
TCT CC-3' 

5' -TGA GCA CAC AGT GCA CTC 
GAA ACG ACA CTC ACG CAG 
TCT CC-3' 

5 ' -TGA GCA CAC AGT GCA CTC 
GAA ATT GTG CTG ACT CAG 
TCT CC-3' 



5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG GTG CAG TCT 
GG-3' 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTC AAC TTA AGG GAG TCT 
GG-3' 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG GTG GAG TCT 
GG-3' 

5' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG CAG GAG TCG 
GG-3 1 

5 ' -GTC CTC GCA ACT GCG GCC 
CAG CCG GCC ATG GCC CAG 
GTG CAG CTG TTG CAG TCT 
GC-3' 

5* -GTC CTC GCA ACT GCG GCC- 
CAG CCG GCC ATG GCC CAG 
GTA CAG CTG CAG CAG TCA 
GG-3 1 



SEQ ID NO: 109 SYNLIB1 5 ' -GCC TCC ACC TCT CGA GAC 

GGT GAC CAG GGT ACC TTG 
GCC CCA ATA GTC AAA 
((A/C)NN)5 TCT TGC ACA GTA 
ATA CAC GGC CGT GTC -3 ' 
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[0097] The examples illustrate embodiments of processes according to the present invention as follows: 
[0098] In the work described in example 1, a mouse antibody directed against an epitope of TNF was cloned as a 
Fab fragment for display on phage, and by combining the heavy chain with repertoires of human light chains (or indeed 
the light chain with repertoires of human heavy chains), it was possible to select phage bearing Fab fragments with 
5 one mouse and one human chain. These antibody fragments bound to the same epitope of TNF as the original mouse 
antibody. The new human chain (heavy or light) was then combined with a repertoire of human partner chains to create 
an entirely human antibody Fab fragment which binds to the same epitope of TNF. 

[0099] Example 2 illustrates CDR imprinted selection in a dual combinatorial format. An anti-HI V gpl20 antibody was 
humanised by epitope imprinted selection with retention of the original mouse heavy chain CDR3. The VH and VL 

io domains of the mouse antibody were cloned as fusions with mouse CHI and Ck chains. The resulting heavy chain 
VHCH1 fragment was displayed on phage in combination with a repertoire of human light chains expressed as a g3p 
fusion from phage vector. Human light chains displayed on phage were selected and the selected chains displayed in 
phage in combination with a library of human naive heavy chain VHCH1 fragments amplified so as to comprise the 
CDR3 of the original mouse heavy chain, expressed as g3p fusions. Selected phage were obtained displaying antibody 

15 polypeptide dinners which retain the original specificity against gp120 but are now of fully human origin apart from 
retaing the mouse heavy chain CDR3. 

[0100] Example 3 illustrates CDR imprinted selection in a single replicon, single chain Fv format. An anti-HI V gp120 
antibody was humanised by epitope imprinted selection with retention of the original mouse heavy chain CDR3. A 
single chain Fv library was displayed on phage, the fragments comprising the original mouse light chain and CDR3 of 

20 the heavy chain but with the remainder of the light being of human origin, derived from a library of human naive heavy 
chains. The heavy chain variable domain of selected phage was then combined with a repertoire of human light chain 
variable domains to generate a scFv library on phage. Phage selected from this library displayed scFv fragments in 
which the variable domains were of fully human origin except for the retention of CDR3 of the mouse heavy chain. 
[0101] Example 4 illustrates the isolation of human antibodies derived from the immune repertoire of an immunised 

25 mouse. A repertoire of mouse heavy and light chain V genes derived from a mouse immunised with TNF are displayed 
as single chain Fv fragments and phage selected for binding to TNF. VH genes derived from this selected mouse 
population are then combined with VL genes derived from a human naive library as single chain Fv fragments and 
phage selected. Selected semi-humanised antibody polypeptide dimers are then fully humanised by pairing the human 
VLs with human VHs derived from a human naive library. Fully humanised antibody polypeptide dimers specific for 

30 TNF may then be selected from the resulting library. 

[0102] Example 5 illustrates creation of a synthetic library. 

Example 1 

35 Humanisation of a murine antibody: 

Isolation of human antibodies directed against a specific epitope on tumour necrosis factor alpha (TNF-alpha) using 
epitope imprinted selection 

40 [0103] We chose a murine monoclonal antibody directed against human TNF as our target antibody for humanisation 
by double chain shuffling. The antibody Mab32 (class lgG2b, k) (D. Rathjen et al., 1991 Mol. Immunol. 28, p79; D. 
Rathjen et al, 1992 Brit. J. Cancer 65, pp852-856; Australian Patent Application 7,576; EP 486,526) does not inhibit 
the cytolytic effect of TNF (presumably because it does not inhibit the binding of TNF to its receptors), but it enhances 
the in vivo anti-cancer and anti-viral effects of the cytokine. The antibody binding site is localised in a region of the 

45 TNF-trimer, which encompasses the first 18 residues of TNF. This example demonstrates that epitope imprinted se- 
lection can be used to generate human antibodies specifically recognising this same epitope on human TNF-alpha. 

Experimental and Results 

50 General methods used are given at the end of this section 

1 Cloning and display of the V genes of Mab 32 on phage 

[0104] Cloning of the V-genes of Mab32: 
55 [0105] The genes of the mouse Mab32 antibody (lgG2b, Kappa) were rescued by PCR essentially as described 
(Clackson et al., 1991, supra, Clackson et al in "PCR: a practical approach, eds Mr Phenox et al, IRL Press, Oxford 
pp 1 87-21 4) using the primers VH1 BACk and VHIFOR2 for the VH gene and VK2BACK and VK4FOR for the VL gene 
and the polymerase chain reaction (PCR, R.K.Saiki et al., 1985, Science 230, p1350). The mouse VH and Vk genes 
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were assembled for expression as scFv fragments by PCR assembly (Clackson et al. , supra) amplified with VHIBACKSf i 
and VKFOR4NOT and ligated into phagemid pHEN1 (H.R.Hoogenboom et al., 1991 Nucl. Acids. Res. 19, 
pp41 33-41 37) as a Sfil-Notl cut restriction fragment, and electroporated into E.coli HB21 51 cells. Of 96 clones analysed 
by ELISA (see below), 9 secreted TNF-binding soluble scFv fragments. Sequencing revealed in all clones a mouse 
5 VH of family MB and a mouse Vk of family VI (E.A.Kabat et al., 1991 Sequences of Proteins of Immunological Interest, 
US Public Health Services). Nucleotide mutations which were probably introduced by the PCR were detected by com- 
paring the 9 sequences, and a clone with 'consensus' sequence and binding activity (scFv-Mab32) chosen for further 
cloning experiments (Figure 5). 

[0106] Recloning of the Mab32 V-genes for soluble expression: 

10 [0107] The murine V-genes were recloned for soluble expression of heavy (Fd, VHCHl) or light chain, by linking the 
mouse V-genes to the human CHI (of the mu-isotype) or human Ck gene respectively by splice overlap extension. The 
mouse Vk gene was amplified from scFv-Mab32 DNA with oligonucleotides MOJK1 FORNX (binds in joining region of 
V-gene; the sequences of all oligonucleotides used in these examples are shown in Table 1) and MVKBASFI (binds 
in 5' region and adds Sfil restriction site); the human Ck was obtained by PCR from a mouse-human chimaeric light 

is chain gene (of NQ10.12.5, described in Hoogenboom et al., 1991, supra), with oligonucleotides MOVK-HUCK-BACK 
(binds in 5' of human Ck and is partially complementary with mouse Jk 1 region) and HUCKNOT1 6NOMYC (sits in 3' 
end of human Ck, retains the terminal cysteine, and tags on a Notl restriction site) as in Clackson et al, 1991 using a 
two fragment assembly. For linkage of the DNA fragments, the two PCR fragments were mixed and amplified with 
MVKBASFI and HUCKNOT1 6NOMYC. The chimaeric VkCk gene was subsequently cloned as a Sfil-Notl fragment in 

20 P UC1 9 derivative containing the pelB signal peptide sequence and appropriate cloning sites for soluble expression of 
the light chain (pUC19-pelB-myc, Figure 2). Similarly, the mouse VH gene (amplified from scFv-Mab32 with LMB3 and 
VHIFOR-2) was combined by splicing by overlap extension PCR with the human u-CHI domain (amplified from human 
IgM-derived cDNA (Marks et al., 1991, supra WO 92/01047) with Mo-VH-Hu-CHI and HCMIFONO, and cloned as Sfil- 
Notl fragment into a pUCI9-pelB-myc for soluble expression of a tagged chain. 

25 

Display of the Mab32 antibody on phage: 

[0108] The chimaeric light chain was displayed on phage fd by reamplification of the mouse/human chimaeric chain 
with HUCKCYSNOT and MVKBAAPA and cloning into fd-tet-DOGI as an ApaLI-Notl fragment. Cells harbouring a 

30 plasmid with the heavy Fd chain gene were grown in 2xTY containing AMP-GLU (1%) to logarithmic phase (OD600 
of 0.5) and infected with a 20-fold excess of light-chain displaying phage. After 45 min at 37'C without shaking and 45 
min at 37'C with shaking in the 2xTY, ampicillin (100 ug/ml), Glucose 1% medium, a sample was diluted into 50-fold 
volume of prewarmed (37'C) 2 x TY, ampicillin (100 ug/ml) and tetracyclin (15 ug/ml, grown for 1 hr at 37'C and then 
overnight at 30'C (shaking). Phage particles collected from the supernatant of such culture displayed TNF-binding Fab 

35 fragments anchored through the light chain on their surface. 

[0109] Similarly, the reversed configuration was made. The heavy chain VHCH1 fragment was cloned into fd-tet- 
DOGI (after amplification of the Fd chain gene from the mouse/human chimeric construct with VHIBACKAPA and 
HCM1 FONO), and phage used to infect cells capable of producing soluble light chain. Phage particles collected from 
the supernatant of such culture displayed TNF-binding Fab fragments anchored through the heavy chain VHCH1 frag- 

40 ment on their surface. 

[0110] Properties of Mab32 fragments displayed on phage: 

[0111] The V-genes of the murine antibody Mab32 were cloned by amplifying the hybridoma V-genes, cloning the 
VH and Vk genes as scFv fragments in phagemid pHEN1 as above. Antibody scFv fragments which bind to TNF were 
identified by ELISA (see below for details). The mouse VH gene was recloned in pUC1 9-pelB-myc (Figure 2) for soluble 

45 expression as a mouse VH linked to human mu-CHI, while the light chain was recloned with the human Ck domain in 
vector fd-tet-DOGI as a fusion with g3p. When cells harbouring the heavy chain construct were infected with the fd- 
phage carrying the light chain, phage particles emerged which carried light chain-g3p associated with the Fd heavy 
chain. Indeed, binding to TNF and the 301 peptide was retained, as judged by ELISA with phage displaying the mouse- 
human chimaeric Fab fragment (Figure 3). In the phage ELISA, the background signal of phage carrying the light chain 

so only was s lightly higher than wild-type fd-tet-DOG1 phage, but always lower than the signal obtained with Fab-dis- 
playing phage. Similarly, TNF binding phage was made with the heavy chain VHCH1 fragment anchored on phage, 
and the light chain provided as a soluble fragment. Hence, Mab32 is functional in the dual combinatorial format in both 
display orientations. 

55 2 Chain shuffling by epitope imprinted selection (EIS) 

[01 1 2] Construction of One chain-Libraries: 

[0113] Kappa, lambda light chain and Mu-specific cDNA was made from the mRNA prepared from the peripheral 
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blood lymphocytes from two healthy donors essentially as in Marks et al., 1 991 , supra. The first-strand cDNA synthesis 
was performed with oligonucleotides HCM1 FO, HUCLCYS and HUCKCYS for Mu-specific, lambda and kappa libraries 
respectively. The VH-CH 1 repertoire was amplified from this cDNA with oligonucleotides HCM1FO and six family 
specific VHBACK primers (as in Marks et al., 1 991 , supra), reamplified with a Notl-tagged forward primer (HCM1 FONO) 

5 and ApaLl tagged VHBACK primers (6 primers HuVH1 BAAPA to HuVH6BAAPA; Table!). Similarly, the light chain rep- 
ertoires were amplified with HUCLCYS or HUCKCYS forward primers and HUWI BACK to HuVXBBACK or HuVklBACK 
to HuVk6BACK back primers described in Marks et al., 1991, supra and PCT/GB91/01134 (WO 92/01047). In each 
case described in this section the lambda and kappa chain variable repertoires were amplified separately. The amplified 
repertoires were reamplified with ApaLl and Notl tagged versions of these oligonucleotides (13 back primers 

10 HuVM BAAPA to HuVA6BAAPA or HuVkl BAAPA to HuVkBAAPA and two forward primers HuCLCYSNOT and HuCK- 
CYSNOT, respectively). All three repertoires were cloned into vector fd-tet-DOG1 as ApaLI-Notl fragments, and elec- 
troporated into E.coli MC1061 cells, to obtain libraries of 1.0 x 10 7 clones for VXCX, 1 .4 x 10 7 clones for VkCk, and 5 
x 10 6 clones for IgM-derived VHCHI. The presence of insert was checked and the frequency of inserts in the library 
found to be higher than 95% in all three cases. 

75 

Selecting a human VL using the mouse VH domain as docking chain: 

[0114] When chain shuffling using epitope imprinted selection, there are two routes from the mouse to the human 
antibody, depending on which mouse V-gene is kept constant in the first rounds of selection (see Figure 1 ). The influence 
20 of the mouse heavy and light chain in binding to antigen and their influence on docking human partner chains onto the 
original epitope may vary considerably between antibodies, perhaps depending on which domain forms most of the 
antigen-binding contacts. 

[0115] Figure 1 shows the principle of Epitope Imprinted Selection, as exemplified using a mouse antibody to start 
with. The clear rectangles represent the original mouse antibody VH and VL domains. Shaded rectangles represent 
25 human VH and VL domains. The human antibodies derived shown on the left on the bottom line are produced by a 
procedure involving: 

(a) (i) retention of the original mouse VH and shuffling with a library of human VL domains followed by selection 
by binding to antigen. 

30 

(a) (ii) shuffling of these selected human VL domains with a library of human VH domains followed by selection 
by binding to antigen. 

[0116] The human antibodies derived shown on the right on the bottom line are derived by the alternative pathway 
35 involving: 

(b) (i) retention of the original mouse VL and shuffling with a library of human VH domains followed by selection 
by binding to antigen. 

40 (b) (ii) shuffling of these selected human VH domains with a library of human VL domains followed by selection 

by binding to antibody. 

[0117] The human antibodies in the middle of the bottom line are derived by; 

45 ( C ) shuffling the selected human VL chains derived in (a) (i) with the selected human VH chains derived in (b) (i) 

and then selecting by binding to antigen. 

VH chains derived in (b) (ii) can be combined with VL chains derived in (a) (ii) and vice versa. 
The current section describes procedure (a) and subsequent sections procedures (b) and (c). This example de- 
scribes the procedures in a dual replicon, dual combinatorial format although the methods are equally applicable 
so to a single replicon, single chain Fv format. 

[0118] In the first chain shuffling experiment, the mouse VH (linked to the human CHI domain), expressed from 
pUC19-pelB-myc, was paired as Fab fragment with a library of 10 7 different human VXCX, domains. Phage displaying 
the antibody fragments were subjected to rounds of panning on TNF-coated tubes. By following the titre of the eluted 
55 phage, the extent of selection can be monitored. After 4 rounds (with a 100-fold increase in the titre of eluted phage), 
24 out of 28 individual clones were found to be binding to TNF in an ELISA with phage expressing Fab fragments (all 
with the mouse VH-human CH1). Phage only displaying the selected human VXCX domains gave a background similar 
to phage displaying only the chimaeric mouseVk-human Ck. Sixteen clones taken after the first round of selection were 
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found to be negative. 

[0119] Only three different BstNl fingerprints were found amongst the 24 binders, with one pattern dominating (21/24). 
Light chains VXA2, VA,C4 and VXD1 were found with frequencies of 21/24, 2/24 and 1/24 respectively. Sequencing 
revealed that all three light chains are derived from the same germline gene, a human VX1 -1 -1 . Clone VXC4 has 1 .clone 

5 VkO^ has 2 and clone VXA2 7 amino-acid residue differences from the germline (Figure 6). However, clone VAA2 uses 
a f ramework-1 region which more closely resembles the germline sequence of a related VM , humvh 1 7, and therefore 
may be the result of a cross-over. The germline character of the clones is also noted in the CDR3 sequence, with 
minimal variation in sequence and no length variation between the three clones. Apparently, only a very limited number 
of genes with very similar sequences fit the stringent requirements (being compatible with the mouse VH and forming 

io an antigen-binding pair). One of the surprises is that human germline encoded V-genes can supply domains that fit 
those conditions. However, the starting material of this library has proven to be very diverse in other experiments. For 
example, from an unimmunised scFv library made from the same two donors, we derived many different X chains with 
a range of nucleotide mutations compared to known germline genes (Marks et al., 1 991 , supra). In addition, light chain 
genes derived from the same donors were used in a chain shuffling experiment for affinity maturation, and light chain 

is variants (all VM) with numerous mutations isolated (Marks et al., 1992, supra). 

Selecting a human VH using the selected human VL domains as docking chains: 

[0120] The 3 selected VX genes were recloned in pUC19-pelB-myc for soluble expression as VXCX chains. E.coli 

20 cells harbouring the three light chain plasmids were mixed, infected with a phage library of human VHCH1 genes, 
expressed from the fd-tet-DOGI library described earlier and the library subjected to rounds of panning on TNF-coated 
Immuno tubes. Clones were picked after 5 rounds, when the titre of eluted phage increased 1 00-fold. Fifteen out of 20 
clones analysed by BstNl fingerprint of the DNA insert used one of two patterns (with approximately the same frequen- 
cy). The 1 5 clones when combining their heavy chain VHCH1 fragments with the VXA2 light chain gave stronger phage 

25 ELISA signals than when combined with the VA.C4 or VXD1 light chain (Figure 3). Background signals obtained with 
phage displaying the heavy chain VHCH1 fragment only were similar to the signal of the murine VH-human CH1 . 
[0121] Sequencing revealed that the two patterns could be assigned to three unique human VH sequences (clones 
VHP1/2/3, with clone VHP1 having a BstNl fingerprint which is nearly identical to that of clone VHP2). Like the selected 
light chain genes, the selected heavy chain genes are derived from the same germline VH gene (germline DP-51 from 

30 the VH3 family, Tomlinson et al., J. Mol. Biol. 227, pp776-798 1 992; Figure 6), with minimal residue differences. Figure 
6 shows the deduced protein sequences of V H and V L antibody genes of antibody fragments binding to human TNF 
The selected human V-genes were aligned to their closest germline homologue; identical residues in the selected 
genes are represented by hyphens. Framework 4 of the V H genes has been truncated at 4th residue. Clone VHP1 
most likely is a cross-over between DP-51 and a related germline, DP-47. All three selected VH-genes have relatively 

35 short CDR3 loops (8,9 and 10 residues), but share little homology in this sequence. Since the VH-CDR3 is naturally 
the most diverse region of all six antibody variable loops, the chance of selecting clones with a consensus in that region 
is very low indeed. 

Specificity of binding of the selected V-gene pairs: 

40 

[0122] A specificity ELISA with Mab32 and soluble scFv fragments on a number of antigens showed that the original 
Mab32 antibody, its scFv-derivative and three of the humanised TNF-binders (as scFv-fragments) bind specifically to 
TNF (Figure 4). No significant binding was obtained to ELISA plates coated with keyhole limpet haemocyanin, oval- 
bumin, cytochrome c, bovine serum albumin, human thyroglobulin, or 2-phenyloxazol-5-one-BSA or to plastic only. 

45 Proof that the humanised antibodies bind to the same epitope came first from phage ELISA with peptide-301 -coated 
plates and phage displaying the original mouse/human chimaeric Fab or the humanised Fab fragments (this assay is 
not sensitive enough to allow the detection of soluble scFv fragments) (Figure 3). Figure 3 shows results of ELISA of 
phage displaying Fab fragments, with one chain displayed on phage as a g3p fusion (indicated by fd-...), and the other 
chain provided as a secreted, soluble chain partner. Clones display a combination of the following chains: fd-DOG1 

so (no antibody); light chains : mouse MoV L (from Mab32), human VXA2 and W.C4 (selected with mouse V H ),; heavy 
chains : mouse MoV H (from Mab32), human V H P1,2,3 (selected with human VXA2, VXD1, VXC4), human V H LM2, 
V H LM8 (selected with mouse V L ). MX chains are indicated as VL. Fully humanised clones were obtained which bound 
to both peptide 301 and TNF. 

[0123] In addition, to show that the human scFv fragments compete. with the original antibody for binding to TNF, we 
55 analysed binding of the scFv constructs in a competition ELISA with the Fab fragment derived by proteolytic cleavage 
of Mab32. Single chain Fv frag ments were incubated on a TNF-coated surface with increasing amounts of the Fab 
fragment and the amount of bound scFv dete cted in ELISA (Figure 7). Each of the scFv fragments competes with the 
FabMab32 for binding to TNF, including both the original scFv-Mab32 and the humanised scFv fragments. 
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[0124] Thus the fine specificity of Mab32 for peptide 301 of TNF is retained through the humanisation process. 
Affinity of binding of the selected V gene pairs: 

5 [0125] The mouse Mab32 antibody and purified, monomeric forms of the recombinant mouse scFv-Mab32 and the 
human scFv antibodies VHP1-VXA2, VHJP2-VA.A2 and VHP3-MA2, were subjected to competition ELISA for the de- 
termination of the relative affinity for TNF. Antibodies were incubated on a TNF-coated surface in the presence of 
increasing amounts of soluble TNF All the clones showed a roughly similar decrease in the ELISA signal over the 
same range of increasing TNF concentrations (with an IC50 in the 10nM to 100nM range). Although the parent Mab32 

10 has been reported to bind more strongly (affinity constant for binding to human TNF of 8.77 x 1 0 9 M* 1 ) this reflects the 
bivalency of the whole antibody molecule compared to the monovalency of a scFv fragment. 
[0126] The Mab32 and VHP3NAA2 fragments were also analysed for binding properties using the Pharmacia Bl- 
Acore. TNF was indirectly immobilised on the surface, and the binding of antibody monitored. The properties of the 
original mouse antibody were analysing two monomeric forms of Mab32. On the TNF surface, the Fab fragment from 

15 Mab32 by proteolytic cleavage and the scFv Mab32 showed very similar fast off rates (approximately 10" 2 s' 1 ). The 
human VHP3-VXA2 antibody has an off rate in the same range as the original scFv-Mab32. On rates for antibody 
protein interactions are in the range seen for the interaction between other proteins and their receptors, and cover a 
100 fold range between 104 and 10 6 M" 1 S" 1 (Mason D.W. and Williams, A.F., 1986, Kinetics of Antibody Reactions and 
the Analysis of Cell Surface Antigens, Blackwell, Oxford; Pecht, I. , 1992 in Sela,M. (ed), Dynamic Aspects of Antibody 

20 Function, Academic Press Inc., New York, Vol. 6, pp 1-68). Assuming the on rates of the antibody TNF interactions 
are typical of antibody protein interactions, the off rate derived by the BIACore analysis is consistent with the affinity 
indicated by the competition ELISA (Kd = 10" 7 to 10" 8 M). 

[0127] Thus, these determinations are consistent with scFvMab32 and the humanised scFv clone VHP3-VXA2 having 
a similar affinity and thus with the retention of affinity, as well as specificity, through epitope imprinted selection. 

25 

Selection of humanised antibodies by alternative pathway of epitope imprinted selection; selecting human VH then VL 
chains: 

[01 28] To answer the question of whether further human chains could be selected using the alternative pathway, we 
30 first selected a human VH using the mouse VL domain as imprinting chain. After four rounds of panning, two human 
VH domains dominated the population (VH-LM2 and VH-LM8). Both VH genes show minimal differences compared 
with the germline (DP-46), which is of the VH3 family. Compared with the VHP1 , 2 and 3 sequences, VH-LM2 and VH- 
LM8 use a germline of the same (VH3) family, and share the same canonical loop structure for CDR1 and CDR2 (IM 
Tomlinson et al., 1992, supra; C.Chothia et al., 1992 J. Mol. Biol. 227, pp789-817). However, clones VH-LM2 and VH- 
35 LM8 use a rather long VHJ-CDR3 compared with VH} P1, 2 and 3 (18 and 14 amino acid residues compared to 8,9 
and 10 residues respectively), and their respective germlines differ in 15 amino-acid residues. To test the complemen- 
tarity of the chains selected on different (but complementary moulds), the VH-LM2 domain was combined with the 
human V\A2 domain either as a Fab on phage or in a scFv configuration. Both yielded binding combinations (Figure 
3 and results not shown). In addition, the mouse VL forms a relatively weak binder in combination with the human 
40 VHP3 (as Fab fragments on phage). 

General methods 

Preparation of phage displaying Fab fragments on the surface using a two replicon system: 

45 

[0129] E.coli cells containing plasm id encoding the antibody chain for soluble expression were grown at 37'C in 10 
ml 2x TY containing 100 ug/ml ampicillin and 1% glucose to an OD600 of 0.5. The cells were infected with either 10 11 
tranforming units (TU) prepared from the original library (by growing libraries at 37'C in 2 x TY with tetracyclin at 15 
ug/ml and collecting phage by two rounds of PEG precipitation), or with 1 ml eluate (variable titre) from the panning 
50 experiments, by incubating at 37'C for 45 min without and 45 min with shaking. Subsequently the cells were inoculated 
into 500 ml of prewarmed medium with ampicillin (100 ug/ml) and tetracyclin (15 ug/ml), and after growing fori hour at 
37'C transferred to a 30'C shaker for an overnight incubation. Phage was prepared by two rounds of PEG-NaCI pre- 
cipitation, and resuspended in water to approximately 10 13 TU/ml before selection. 

55 Selection of binders: 

[0130] Immuno tubes (Nunc) were coated overnight with 2 ml of a 10 ug TNF per ml of 50 mM bicarbonate buffer 
(pH 9.6). Incubation with phage, washing and elution conditions were as described by Marks et al., 1991. E.coli cells 
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expressing the soluble complementary chain were infected with the eluted phage and grown in 2 x TY medium with 
tetracyclin ug/ml) for amplification of the selected phage population (as described above). 

Screening clones for binding: 

s 

[0131] Individual clones were assayed for binding in phage ELISA, by preparing one-chain phage stocks, and using 
this phage to infect cells harbouring a gene encoding a partner chain (the one(s) which was (were) used to select the 
clones). Phage displaying Fab fragments prepared from such (2 ml) overnight cultures as decribed above, was 10-fold 
concentrated by PEG precipitation and 50 ul assayed in ELISA. Recombinant human TNF-a (produced in yeast, specific 

10 activity of 3.2 x 1 0 7 units/mg, Peptide Technology) was coated onto plastic flat-bottomed microtiterplates (Falcon 391 2) 
at 10 ug/ml in 50 mM bicarbonate buffer (pH 9.6) or PBS, at 50 ul/well overnight at room temperature. After washing 
with PBS, blocking for 2 hours with 2% Dried Skimmed Milk Powder (Marvel), 50 ul phage per well was added to 50 
ui 4% Marvel, after which the ELISA was continued (with anti-phage antiserum) as described (Marks et al., 1991 and 
PCT/GB91/011 34). For the detection of binding to the Mab32 epitope, the 301 -peptide (gift from Peptide Technology, 

15 sequence 

H-VRSSSRTPSDKPVAHVVA-OH SEQ ID NO 119) 

20 was coated by overnight incubation at room temperature with 100 uJ per well of 10 ug/ml peptide in PBS. The wells 
were blocked for 2 hours with 3% BSA, and the ELISA continued as above (using incubations with Marvel). 
[0132] Alternatively, soluble antibody fragments were made by r ecloning the selected chains in one plasmid (either 
as scFv fragments), inducing expression in the appropriate strain and detecting bound antibody fragments in the su- 
pernatant of the E.coli cultures with the anti-myc-tag antibody. Purified monomeric scFv fragments (see below for 

25 purification) were used for competition ELISA experiments and to check the specificity of binding. For the specificity 
ELISA, plates were coated with various proteins as described (Marks et al., 1991, supra and WO 92/01047). In all 
cases where soluble fragments were assayed in ELISA, Marvel was replaced by BSA. 

[01 33] For competition ELISA, we used Fab fragment derived by proteolytic cleavage of Mab32 (gift of Peptide Tech- 
nology) and either the 9E10-protein A purified mouse scFv-Mab32 or the protein A-purified human scFv fragments 

30 (VHP1/2/3-VX2). To a TNF coated plate (blocked with 3% BSA in PBS), a mixture was added of one of each of the four 
scFv fragments and increasing amounts of the mouse Fab fragment (in 100ul total volume, 1 .2ul, 4ul and 10ul of a 1 
mg/ml solution. After incubation for 2 hours, the plate was washed, and bound scFv detected with the antibody 9E10 
(which recognises the C-terminal myc-tag of the scFv fragments; Munro and Pelham 1986 Cell 46 291-300) and per- 
oxidase labelled goat anti-mouse antibody (Fc specific). As negative control, the same antibodies were used to detect 

35 increasing amounts of Fab fragment only (the anti-mouse (Fc specific) cross-reacts weakly with the mouse Fab). Ex- 
periments were done with a range of concentrations of scFv fragments (up to 250ug/ml), to establish the minimal 
detectable amount of scFv where competition was visible (when an excess of scFv is used, no competition is visible). 

DNA fingerprinting and sequencing of clones: 

40 

[0134] The V-gene DNA of phage clones positive in TNF-ELISA was analysed by DNA-fingerprinting (as in Clackson 
et al., 1991, supra). Briefly, the genes were amplified with fd-PCR-BACK and, for heavy chains, fd-SEQ1, or, for light 
chains, H U LAM BDASEQ, for 25 cycles (94'C, 1 min; 50'C, 1 min and72'C, 2 min), and the DNA cut with BstNI. Analysis 
of the digest by agarose gelelectrophoresis allowed then to identify major differences between the positive clones. The 
45 nucleic acid sequences of selected V-regions were determined by the dideoxy chain termination method (F.Sanger et 
al., 1977 Proc. Natl. Acad. Sci. USA 74, pp5463-5467) using a Sequenase kit (USB) and appropriate sequencing 
primers. Murine V-genes cloned into pHENI were sequenced with pHEN-SEQ and LINKSEQ; human VH genes were 
sequenced with a primer sited in the human CH1 (mu) region (Hu-MCH1 FORSEQ2), while for human Vk genes, HU- 
LAMBDASEQ was taken. 

so 

Recloning selected chains for soluble expression: 

[0135] Selected light chains were amplified with Sfil-tagged backward and Notl tagged forward primers for cloning 
into pUC19-pelB-myc. Human light chains VXA2, VX D1 and VA.C4 were amplified from fd with HuVLIBACKSFI and 
55 HuCL1 FORAMBNOT and cloned into pUC1 9-pelB-myc (as Sfil-Notl fragments) for soluble expression as tag-less light 
chains (in non-suppressor strains). 

[0136] Alternatively, selected V-genes were assembled as scFv genes essentially as described (Clackson et al., 
1 991 , supra; Marks et al., 1 991 , supra and WO 92/01 047) using oligonucleotides described in Marks et al. (1 991 , supra 
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and WO 92/01047) and cloned into pHENI (Hoogenboom et al., 1 991 , supra) for expression in HB21 51 E.coli cells as 
soluble scFv fragments with a C-terminal myc-tag. 

Purification of scFv fragments: 

5 

[0137] The original mouse scFv-Mab32-d 4 fragment with the C-terminal myc-tag was purified from Ecoli superna- 
tant using an affinity 9E1 0-Protein A column (as described in Clackson et al., 1 991 , supra). The human scFv fragments 
(all with VH3 genes) were purified on Protein A-sepharose columns (H.R. Hoogenboom and G. Winter, J. Mol. Biol. 227, 
pp381-388, 1992). All proteins were further purified using gelfiltration (Superdex-75, Pharmacia), and the monomeric 
10 fraction taken for BIAcore analysis. 

Standard polymerase chain reaction 

[01 38] The standard reaction mixture for the polymerase chain reaction was: 5uJ template DNA; 20pmol back primer 
is ( S ); 20pmol forward primer(s); 10mM KCI; 10mM (NH 4 ) 2 S0 4 ; 20mM Tris HCI (pH88); 2mM MgCI 2 ; 100u.g BSA/ml and 
1 unit Taq DNA polymerase (Perkin Elmer Cetus). The reaction mixture was overlaid with mineral oil and subjected to 
30 cycles of amplification using a Techne thermal cycler (Duxford, England). The cycle was 94°C for 1 min (denatur- 
ation), 55°C for 1 min (annealing) and 72°C for 1.5 min (extension). Other PCR conditions are given in the text or in 
references. 

20 

Purification of DNA products 

[0139] Products were purified following agarose gel electrophoresis using Geneclean (BiolOI) or by electroelution 
and ethanol precipitation (J Sambrook et al 1989 Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Labo- 
rs ratory Press, Cold Spring Harbor, NY.) 

Restriction enzyme digests 

[0140] Were performed according to the manufacturers instructions (New England Biolabs, CP Labs, Bishops Stort- 
30 ford, Herts). Ligations were performed according to Sambrook et al (1989 supra). 

Conclusion 

[0141] We have shown that a mouse antibody can be rebuilt into a human antibody with the same specificity by the 

35 process of epitope imprinted selection (EIS). 

[0142] A library of human light chains were shuffled with a mouse VH domain, binding combinations selected and 
then used in a second shuffle as 'docking domains' for a library of human VH genes. Completely human antibodies 
were isolated from such 'genuine' human library. The antibodies were shown to bind retain binding specificity. Alterna- 
tively, the mouse VL was used as docking chain for selecting human VH partners. Such VH domains can be used to 

40 find human VL genes, or, alternatively, can be combined with human VL domains selected with the mouse VH domain. 
Indeed, binding activity was obtained by combining two independently selected V-genes, pointing towards potential 
additivity of the EIS procedure. 

[0143] The EIS approach may serve to humanise antibodies more rapidly than by CDR-grafting (Riechmann et al., 
1988, supra), as this method requires very often a detailed knowledge of the 3-D structure of the antibody. However, 
45 the EIS method can be extended to for example antibody repertoires obtained by phage selection from immunised 
rodents. Following immunisation with antigen, a repertoire of V-genes with high affinity and specificity may be selected 
and then used in a epitope imprinted selection (see example 4) to generate a range of human antibodies of high affini 
ty and enriched for the desired specificity. 

50 Example 2 

Humanising rodent antibodies using polvcombinatorial librairies and CDR imprinting 

[0144] CDR 3 of the heavy chain is generally found to be the most variable of all CDRs in terms of both length and 
55 sequence, and can make important contacts with antigen (Winter, G. and Milstein C. Man-made Antibodies. (1991) 
Nature 349, pp293-299). This is an important consideration when humanising, whether by CDR-grafting (Patent 
GB2188638B) or as described in this application using chain-shuffling. It may be advantageous to apply the polvcom- 
binatorial approach to humanising by a chain-shuffling process in which the VHCDR3 sequence of the rodent antibody 
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is imprinted upon the human VH segments. 

[0145] In the polycombinatorial approach, one fragment eg VHCHI, is displayed on phage as a fusion from a phage 
vector and the other, eg light chain, is expressed as a soluble fragment from eg a plasmid. Super-infection with phage 
is used to display both fragments on phage as a Fab fragment. 

5 [0146] In this example a mouse anti-HIVgpl 20 monoclonal antibody was humanised. The VH domain of this mouse 
antibody was fused to the human Cgammal domain and cloned into pUC19Sfi/Not/polymyc. 
[0147] A repertoire of naive human light chains cloned as g3 fusions in fd-DOG-1 (also known as fd-CAT-2 in WO 
92/01047) was then infected into the cells carrying the chimaeric heavy chain, and phage selected on antigen. These 
phage have both heavy and light chains on their surface, though the phage genome encodes just the light chain; this 

10 is not a problem since the only heavy chain is the one provided. 

[0148] Light chains selected this way were then paired with a library of naive human VH domains, PCR-amplified in 
such a way that CDR3 of the human antibodies were replaced with that of the original mouse heavy chain. 
[0149] Section (a) deals with construction of a chimaeric Fab fragment in which the mouse F58 VH and VL domains 
are fused to human CH1 and CK sequences. This clone was used in early characterisation of the antibody and served 

15 as a template for subsequent PCR amplification of the heavy chain, which was then cloned into pUC1 9 Sfi-Not polymyc 
as a Pstl-Not I fragment (section (b)). Section (c) describes construction of a human light chain repertoire in fdDOG, 
which was then infected into cells containing the chimaeric heavy chain on pUC19 (section (d)). The resulting phage 
were panned against the peptide (section (e)) and the selected light chains PCR-amplified and cloned as Asc l-Not I 
fragments alongside the chimaeric heavy chain (section (f)) and assayed for their ability to bind antigen by ELISA 

20 (section (g)). Selected light chains were recloned in pUC (section (h)) and naive human VH domains amplified with a 
mutagenic primer imposing the F58 CDR3 sequence on the domains, and the resulting fragments cloned in phage 
(section (i)). This repertoire of imprinted heavy chain phage was then used to infect cells carrying the selected light 
chains on pUC and the resulting phage panned on antigen. Finally, the selected heavy and light chains are cloned 
together on the same replicon and assayed for binding to antigen (section (j)). 

25 

(a) Cloning of F58 chimaeric heavy chain 

(i) cDNA synthesis and primary PCR. 

30 [0150] Five ml of cultured hybridoma cells (approximately 2 x 10 6 cells) were washed in PBS, pelleted, resuspended 
in 200 ul 0.1% diethylpyrocarbonate in water and immediately boiled for 5 minutes. After centrifugation, 68 ul of the 
'boilate' supernatant was added to a 28 ul reaction mixture resulting in a 96 u I reaction mixture containing 1 40 mM KCI, 
50 mM Tris.HCI (pH8.1 @ 42'C), 8 mM MgCI 2 , 10mM DTT, 500 uM deoxythymidine triphosphate, 500 uM deoxycytidine 
triphosphate, 500 uMdeoxyadenine triphosphate and 500 uM deoxyguanine triphosphate nucleotide triphosphate (500 

35 uM dNTPs), 160 units of human placental RNAse inhibitor and 10 pmol of forward primer. Four ul (100 units) of avian 
myeloblastosis virus (AMV) reverse transcriptase was added, the reaction incubated at 42'C for 1 hour, heated to 100'C 
for 3 minutes, quenched on ice and centrifuged for 5 minutes. The supernatant was then used immediately for PCR. 
[0151] Separate PCR amplifications were performed for the heavy and light chains. Fifty ul reaction mixtures were 
prepared containing 5 ul of the supernatant from the cDNA synthesis, 250 uM dNTPs, 50mM KCI, 100mM Tris.HCI 

40 (pH 8.3), 1 .5mM MgCI 2 , 1 75 ug/ml BSA, 20 pmol each of the appropriate mixtures of forward and back primers (Clack- 
son, T et al. (1991) supra.) and 1 ul (5 units) Thermus aquaticus (Taq) DNA polymerase (Cetus, Emeryville, CA). The 
reaction mixture was overlaid with paraffin oil and subjected to 30 cycles of amplification using a Techne PHC-2 thermal 
cycler. The cycle was 94'C for 1 minute (denatu ration), 55'C for 1 minute (annealing) and 72*C for 1 minute (extension). 
The product was analyzed by running 5 ul on a 2% agarose gel. The remainder was extracted twice with ether, once 

45 with phenol/chloroform, ethanol precipitated and resuspended in 50 ul of water. 

(ii) Cloning and sequencing of amplified VH and Vk DNA. 

[0152] The amplified VH DNA was digested with Pstl and BstEII, purified on a 2% low melting point agarose gel and 
so ligated into M13VHPCR1 digested with Pstl and BstEII (Orlandi, R., D. H. Gussow, P. T Jones and G. Winter. (1989). 
Cloning immunoglobulin variable domains for expression by the polymerase chain reaction. Proc. Natl. Acad. ScL, 
USA, 86 (10), pp3833-7). The amplified VK DNA was digested with Pvull and Bgl li and ligated into M13VKPCR1 
digested with Pvu II and Bel I. The ligation mixtures were used to transform competent TG1 cells. Two clones from 
separate amplifications were sequenced for each VH and Vk chain using the dideoxynucleotide chain termination 
55 method. 
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(iii) Generation of an Fab construct for expression in E. coli 

[0153J A chimaeric Fab containing the F58 variable domains and the human lgG1 CH1 and Ck domains was con- 
structed by ligating the F58 V-domains into a vector containing the constant domains. M1 3VHPCRI containing the F58 

s VH was digested with Pstl and BstEII. The resulting F58VH fragment was then purified on a 1 .5 % agarose gel, isolated 
from the gel with Geneclean and ligated into pJM-1FabD1.3 (PCT/GB91/01134) digested with Pstl and BstEII. The 
ligation mixture was used to transform competent E. coli N4830-1 cells (Gottesman, M.E., Adhya, S. and Das, A. (1 980) 
J. Mol. Biol. 140, pp57-75) and clones containing the F58 VH identified by restriction analysis of RF DNA. The F58 Vk 
was amplified by PCR with the primers Vk2BACK and Vk3FOR2 (Clackson, T et al. (1991 ) supra.) using M13VkPCR 

io containing the F58 Vk as template. The PCR product was digested with Sad and Xhol, purified on a 1.5% agarose 
gel, isolated from the gel with Geneclean and ligated into pJM-1 Fab vector containing the F58 VH digested with Sad 
and Xhol. The ligation mixture was used to transform competent E. coli N4830-1 cells and clones containing the F58 
Vk identified by restriction analysis of RF DNA. 

15 (b) PCR and cloning of F58 chimaeric heavy chain 

[0154] The F58 chimaeric heavy chain derived above was PCR amplified from F58 Fab clone DNA, using the primers 
VH1 BACKSFI15 and HUCH1FORASCNOT (Tablel). The resulting ca. 700bp fragment was digested with Pst I and Not 
I and cloned into Pst I and Not l-cut pUC19Sfi/Not/polymyc plasmid using standard procedures (Sambrook, J. et al. 
20 1989, supra, and example 1 ). 

(c) Construction of light chain repertoire 

[0155] Kappa and lambda-chain genes were amplified separately using an equimolar mixture of the appropriate 

25 family based BACK and FORWARD primers (Table 1). Kappa-chain genes were amplified from the cDNA synthesis 
using HUCKFOR primer, using an equimolar mixture of the 6 HUVKBACK 1a-6a primers in conjunction with the HUCK- 
FORSER primer. Lambda-chain genes were amplified from the cDNA synthesis using the HUCLFOR primer, and am- 
plified using an equimolar mixture of the 7 HULBACK 1-6 primers in conjunction with the HUCLFORSER primer. In 
each case 50uJ reaction mixtures were prepared containing 5uJ of the supernatant from the appropriate cDNA synthesis, 

30 20pmol total concentration of the BACK primers, 20pmol total concentration of the FORWARD primers, 250u,M dNTPs, 
10mM KCI, 10mM (NH 4 ) 2 S0 4 , 20mM Tris.HCI (pH 8.8), 2.0mM MgCI2, 100mg/ml BSA and 1uJ (1 unit) Vent DNA 
polymerase (New England Biolabs). The reaction mixture was overlaid with mineral (paraffin) oil and subjected to 30 
cycles of amplification using a Techne thermal cycler. The cycle was 94°C for 1 minute (denaturation), 57°C for 1 
minute (annealing) and 72°C for 2.5 minutes (extension). The products were purified on a 2% agarose gel, isolated 

35 from the gel by Geneclean (Bio-1 01 ) and resuspended in 25uJ of H 2 0. 

[0156] Two different pullthrough reactions were now performed on each of the two light chain preparations. Kappa- 
chain genes were amplified in two reactions, using an equimolar mixture of the 6 HUVKBAAPA primers in conjunction 
with HUCKFORSERNOT Lambda-chain genes were also amplified in two reactions, using an equimolar mixture of 
the 7 HUVLBAAPA primers in conjunction with HUCLFORSERNOT Pullthrough conditions were performed as for the 

40 primary light chain PCRs above except that 25 cycles of amplification were used. 

[0157] PCR products were digested with Apa LI and Not I using the standard format and cloned into Apa LI and Not 
l-cut fd-DOG as described in example 1 . Phage were prepared from the library clones as described in example 1 and 
used to infect cells containing the heavy chain (see below). 

45 (d) Production of shuffled Fab phage. 

[0158] Cells containing the F58 chimaeric heavy chain were grown overnight at 37'C in 2YTAG and 500ul added to 
50 mis fresh 2YTAmp medium, prewarmed to 37'C, in a conical flask. The cells were grown with shaking to OD600 of 
about 0.5 before adding a total of 10 11 phage from the light chain repertoire. The culture was left at 37'C for 45 minutes 
50 without shaking then shaken vigorously for another 45 minutes at 37'C before adding tetracyline to 1 5 ug/ml and shaking 
overnight. 

[0159] Phage were harvested by PEG precipitation of the culture supernatant as previously described (example 1 ) 
and used for selection experiments. 

55 (e) Panning of shuffled Fab phage. 

[0160] This was performed on maxisorb plates as previously described (Marks J. et al., 1991 , supra.), with the ex- 
ception that the tubes were coated with envgp120 V3loop peptide of HIV-1 isolate 1MB dissolved to 10 ug/ml in water. 
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This peptide was obtained from the AIDS-directed program (repository ref: ADP737) and has the sequence: 
CTRPNNNTRRSIRIQRGPGRAFVTIGKIGNMRQAHCN (SEQ ID N0 120) The phage elutedfrom the tubes were used 
to re-infect fresh cells containing the F58 chimaeric heavy chain and the panning/reinfection procedure repeated an- 
other three times. 

(f) Recloning of selected light chains. 

[0161] Selected light chains were PCR-amplified from fd-DOG Light chain DNA using primers G3LASCGTGBACK 
and HUCLFORSERNOT or HUCKFORSERNOT. The G3LASCGTGBACK primer anneals upstream of the translational 
start of the gill signal in fd, and brings in an Asc I site and a ribosome binding site (RBS). These fragments were 
digested with Asc I and Not I and cloned into Asc I and Not l-cleaved pUC19F58 plasmid (as shown in fig 8) so as to 
create a cistron, enabling soluble Fab to be produced. This was analysed for peptide binding in ELISA and bound 
antibody detected by virtue of the myc tag peptide on the end of the light chain. 

(g) ELISA 

[01 62] This was performed as described below. 

1 Inoculate 100 ul 2 x TY, 100 ug/ml ampicillin, 1% glucose in 96-well plates ('cell \tab wells', Nuclon) and grow 
with shaking (300 r.p.m.) overnight at 37'C. 

2 Use a 96-well transfer device to transfer small inocula from this plate to a second 96-well plate containing 200 
ul fresh 2xTY, 100 ug/ml ampicillin, 0.1% glucose per well. Grow at 37'C, shaking until OD600nm is approximately 
0.9 (about 3 hrs). To the wells of the original plate, add 25 ul 60 % glycerol per well and store at -70'C. 

3 Add 25 ul 2 x TY, 100 ug/ml ampicillin, 9 mM IPTG (final concentration 1 mM IPTG). Continue shaking at 30'C 
for a further 16 to 24 hrs. 

4 Spin 4,000 r.p.m. for 10 min and use 100 ul supernatant in ELISA. 

5 Coat plate (Falcon 3912) with 50 ul per well of peptide at 10 ug/ml in water. Leave overnight at room temp. 

6 Rinse wells 3x with PBS, and block with 200 ul per well of 1%BSA/PBS, for ihr at 37'C 

7 Rinse wells 3x with PBS, then add 25ul 6% BSA/PBS to all wells. 

8 Add 100 ul culture supernatant containing soluble Fab to the appropriate wells. Mix, leave 1.5 hrs room temp. 

9 Discard test solution, and wash out wells 3 times with PBS, 0.05% Tween 20 and 3 times with PBS. Pipette 100 
ul of 4ug/ml purified 9E1 0 antibody, in 2% Marvel/PBS, into each well. Incubate at room temp, for 1 .5 hrs. 

10 Discard 9E10 antibody, and wash out wells with 3 times with PBS, 0.05% Tween 20 and 3 times with PBS. 
Pipette 100 ul of 1:500 dilution of anti-mouse antibody (peroxidase-conjugated anti-mouse immunoglobulins, Da- 
kopats/ICN, or peroxidase-conjugated anti-mouse IgG, Fc-specific, Sigma A-2554). Incubate at room temp for 
1.5 hrs. 

11 Discard 2nd antibody, and wash wells 3 times with PBS, 0.05% Tween 20 and 3 times with PBS. 

12 Add one 10 mg ABTS (2,2'-azino bis(3-ethylbenzthiazoline-6-sulphonic acid), diammonium salt) tablet to 20 ml 
50 mM citrate buffer, pH4.5. (50 mM citrate buffer, pH4.5 is made by mixing equal volumes 50 mM trisodium citrate 
and 50 mM citric acid). 

13 Add 2 ul 30% hydrogen peroxide to the above solution immediately before dispensing. 

14 Add 100 ul of the above solution to each well. Leave room temp. 20-30 min. 

15 Quench by adding 50 ul 3.2 mg/ml sodium fluoride. Read at 405 nm. 
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Note 1: Alternatively, inoculate clones from transformation plate into 100 ul 2 x TY, 100 ug/ml ampicillin, 0.1% 
glucose in 96-well plates ('cell wells', Nuclon) and grow with shaking (300 r.p.m.) 37'C, shaking until OD600nm is 
approximately 0.9 (about 6 hrs). Continue with step 3. 

5 Note 2: This method is based on that of DeBellis D. and Schwartz I., 1990 Nucl. Acids Res. 18: p1 311 , and relies 

on the low levels of glucose present in the starting medium being metabolised by the time the inducer (IPTG) is 
added. 

Note 3; 'Marvel' is dried milk powder. PBS is 5.84 g NaCI, 4.72 g Na 2 HP0 4 and 2.64 g NaH 2 P0 4 .2H 2 O, pH 7.2, 
io in 1 litre. BSA is Bovine Serum Albumin. 

(h) Subcloning selected light chains. 

[0163] Light chains were PCR-amplified from DNA of selected clones using an equimolar mix of the 7 HUVLBAS Fl 
*5 primers in conjunction with HUCLFORSERASCNOT or an equimolar mix of the 6 HUVKBASFI primers in conjunction 
with HUCKFORSERASCNOT. Reaction conditions were as described for the primary PCR reactions above except that 
25 cycles of amplification were used. PCR fragments were cut with Sfi I and Not I and cloned into Sfi I and Not l-cut 
pUC19Sfi/Not/polym yc then transformed into TG1 . 

[0164] The panning/infection process described above is essentially repeated again, this time with the positions of 
20 the heavy and light chains reversed. 

fi) CDR-imprinting VH 

[0165] VH domains were amplified from the pooled primary PCR material prepared as described below. 

25 [0166] Two preparations of PCR-amplified VH genes were made. Both preparations used an equimolar mixture of 
the HUJHFOR primers (Table 1 ); in one of the preparations, 6 separate PCR amplifications were performed with each 
of the HUVHBACK primers individually (Table 1), and in the other, a single PCR reaction was performed with an equi- 
molar mix of all 6 HUVHBACK primers. For all seven PCRs, 50uJ reaction mixtures were prepared containing 5uJ of 
the supernatant from the cDNA synthesis using the HUIGMFOR primer, 20pmol total concentration of the BACK prim- 

30 ers, 20pmol total concentration of the FORWARD primers, 250u.M dNTPs, 10mM KCI, 10mM (NH 4 ) 2 S0 4) 20mM Tris. 
HCI (pH 8.8), 2.0mM MgC12, 100mg/ml BSA and 1uJ (1 units) Vent DNA polymerase (New England Biolabs). The 
reaction mixture was overlaid with mineral (paraffin) oil and subjected to 30 cycles of amplification using a Techne 
PHC-2 thermal cycler. The cycle was 94°C for 1 minute (denaturation), 57°C for 1 minute (annealing) and 72°C for 1 
minute (extension). The products were purified on a 1.5% agarose gel, isolated from the gel by Geneclean (Bio-101) 

35 and resuspended in 25uJ of H 2 0. The seven products were then pooled and 'pullthrough' PCR reactions performed. 
[0167] Six separate pullthrough reactions were performed with the mutagenic F58G RAFTJH4SAL primer and each 
of the HUVHBAAPA1-6 primers individually. 

[0168] Pullthrough reactions were set up with the primers HUVHBAAPA (equimolar mix of all 6 primers) and HUJH- 
FORSAL (equimolar mix of all 4 primers). 50uJ reactions of containing 5jil of the pooled PCR products from the previous 
40 step were amplified using the same conditions as for the primary PCR except that 25 cycles of amplification were used, 
and the annealing temperature was 45°C. 

[0169] The resulting VH fragments were pooled and cut with Apa LI and Sal I using standard conditions and cloned 
into Apa LI and Xho l-cut fd-DOG-G1CH1 using standard protocols (Sail and Xho I produce compatible CTAG overh 
angs). Phage were prepared from this library as described above, this time using the heavy chain phage to infect cells 
45 carrying the selected light chains expressed in pUC1 9Sfi/Not/polymyc. 

(j) Screening of final heavy-light combinations. 

[0170] The end result of this process is a pool of selected heavy chains and a pool of selected light chains. These 
50 are now combined at random. Heavy chain clones are now PCR-amplified using an equimolar mix of all 6 HUVH- 
BACKSFI primers in conjunction HUCH1 FORA SCNOT using the procedure described in example 1 . These fragments 
are cut with Sfi I and Asc I and gel-purified using standard procedures (Example 1 ), then ligated to equimolar quantities 
of Asc l-Not I -cut light chains produced in step f) above and Sfi I and Not l-cut pUC 1 9Sfi/Not/polymyc vector, also 
produced earlier. Alternatively, these Sfi I -Asc I fragments replace the F58 heavy chain in the constructs shown at the 
55 end of fig 8 (A). These constructs were then transformed into TG1 and analysed for peptide binding activity by ELISA 
as described above. 

[0171] The end-products are completely human Fab fragments with the same or similar antigen-specificity as the 
parent rodent antibody. 
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Example 3 

Humanising rodent an tibodies using random combinatorial phage display libraries and CDR grafting (CDR imprinted 
selection) ^ 

[0172] In the work described in this example the mouse anti-HIV-1 gp120 monoclonal antibody F58 was humanised 
as shown schematically in fig. 9. A vector (pHENMBFSBVL) was constructed carrying the F5B Vk<Jomain, the single 
chain Fv linker and the first residues of a human VH-framework 4 with a Xhol restriction site. This vector allows the 
cloning of VH repertoires as Nco I/Sal I fragments to give complete scFvs. A human repertoire of VHs was amplified 
by PCR in such a way that each heavy chain contained the CDR3 of the original mouse mab F58 and a human frame- 
work 4 and was finally cloned into pHENMBF58VL. The scFv library was selected for binding to a HIV-1 gp120 derived 
peptide. Heavy chain variable domains from selected scFvs were then combined by PCR-assembly with a repertoire 
of human light chain variable domains to give fully humanised scFvs and again selected for antigen binding. The 
procedure illustrated here is therefore a synthesis of CDR-grafting and combinatorial phage display libraries. 

1. PCR amplification, cloning and sequencing of the F58 variable domains were described in example 2. Standard 
PCR conditions are as in example 1 . 

2. Construction of the F58 scFv 

[01 73] The VH and VL domains characterised above were assembled to form, scFv fragments, basically as described 
by Clackson et al, 1 991 , supra. 

[0174] Sequences of the primers mentioned in section 2.1 are given in Clackson et al (1991 supra) except for 
VH1 BACKSfi which is described in Hoogenboom et al, supra. 

2.1 PCR amplification of the F58 VH and VL and the PCR-assembly procedure 

[0175] About 1 ng of M13VHPCR1 (Orlandi etal, 1 989 supra) containing the F58 VH and 1 ng of M13VkPCR (Orlandi 
et al, 1989 supra) containing the F58 Vk were used as template in two separate, but in terms of cycling conditions 
identical, PCR amplifications: Two 50 ul reactions were prepared containing 1 ng of either the above mentioned tem- 
plates, 20 pmol VH1 BACK and 20 pmol VH1 FOR-1 (20 pmol VK2BACK and 20 pmol VK4FOR to amplify the VL), 250 
uM dNTPs, 5 ul 10xVent polymerase reaction buffer (as obtained from the supplier New England Biolabs) and 2 units 
Vent DNA polymerase. The amplifications were performed with 25 cycles of PCR (94'C for 1 min, 55'C for 1 min, 72'C 
for2min). 

[0176] The linker DNA was similarly amplified from about 1 ng of template DNA pSW2scD1 .3 (McCafferty et al., 
Nature 348, 552-554, 1 990) using the primers LINKBACK and LINKFOR (Clackson et al., 1991 , supra). 
[0177] After gel purification 1 ug each of the VH and the Vk product were mixed with 300 ng of linker in a 25 ul PCR 
mix without primers, and cycled 7 times(94'C 2 min, 72'C 4min) to join the fragments, then amplified for 20 cycles (94'C 
1.5 min, 72'C 2.5 min) using 25 pmol each of VH1BACK and VK4FOR primers. Finally, the assembled product was 
gel purified and reamplified with the primers VH1BACK-Sfil and VK4FOR-Notl to append restriction sites (Note 
VK4FOR and VK4FOR-Notl are equimolar mixture of 4 different primers). The F58 scFv was then digested with Sfil 
and Notl and cloned into the similarly digested vector pUC11 9Sfi-Notpolymyc. Recombinants were subsequently ver- 
ified by DNA sequencing. 

3. Construction of the vector PHENMBF58VL 

[0178] 10 ng of purified pUC119F58scFv DNA from the clone isolated above was used as template in a standard 
PCR amplification with the primers HuVHLBACK-Xhol and VK4FOR-Notl. The PCR product was purified, digested 
with Xhol and Notl and cloned into the similarly digested vector pHENI to generate the new vector pHENMBF58VL 

4. Amplification and cloning of the human heavy chain repertoire 
4. 1 . Preparation of the cDNA template 

[0179] The procedure was exactly as described in example 2(a)(i) using the IgM constant region forward primers 
described by Marks et al, 1 991 , supra and in WO 92/01 047. 
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4.2. PCR of Heavy chain variable domains 

[0180] The 6 separate reactions to amplify the heavy chain variable domains contained each 2 ul of the cDNA syn- 
thesis from above, 20 pmol of the individual HUVHBACKSfi primers and 20 pmol of the primer F58G RAFTS AL in an 
otherwise standard PCR mixture. Since the primer F58GRAF TSAL had to anneal to the framework 3 regions of the 
6 human VH families, the annealing temperature for the PCR cycling was reduced to 45'C. The PCR was run for 25 
cycles (94'C 1 min, 45'C 1 min, 72'C 1 min), after which the products were gel purified. To obtain more material for the 
subsequent cloning steps a secondary PCR was performed using the same series of HuVHBACKSfi primers and the 
primer HuJH4FORSall, the conditions were as above with the exception of an annealing step at 52'C instead of 45'C. 

5. Generation of the scFv library 

[0181] Equal amounts each of the PCR products from above were pooled and digested with Ncol and Sail. 1 ug of 
this material was ligated into 3 ug of Ncol/Sall digested vector pHENMBF58VL. The Ligation reaction was processed 
and used for the transformation of TG1 cells as described in Hoogenboom et al supra and WO 92/01047. 

6. Selection of the scFv library for antigen binders 

[0182] The infection of the library in TG1 with helper phage VCSM13 and the processing of the phages for the 
subsequent rounds of selection was done as described (Hoogenboom et al, 1 991 , supra and WO 92/01047). For each 
selection, 8 wells of a Maxisorp plate (NUNC) were inoculated with a 50ul solution of 3ug/ml peptide in water The 
wells were allowed to dry completely over night, blocked with 1% BSA in PBS for 30 min at room temperature and 
finally washed 2x wi th PBS. To each well were added 50 ul of phage and 150 ul of Tris-HCI, pH 8.3, 0.5 M NaCI, 4% 
BSA. After 2 hrs the wells were washed 3x with Tris-HCI, pH 8.3, 0.1 M NaCI and 3x with Tris-HCI, pH 8.3, 0.5 M NaCI. 
Elution of bound phages and infection TGI cells was performed as described (WO 92/01047). Briefly: Phages were 
eluted with 50 ul of 100 mM Triethylamine per well for 10 min. The eluted material was than immediately neutralized 
with 1/2 volume of 1 M Tris-HCI, pH 7.4 and used to infect logarithmically growing TGI cell. 

[0183] The peptide antigen corresponds to the gp120 V3 loop of the HIV-1 isolate NIB and was obtained from the 
AIDS-directed program of the MRC (repository reference ADP737). The sequence is: 

YCTRPNNNTRRSIRIQRGPGRAFVTIGKIGNMRQAHCY ( SEQ ID NO 121) 

7. Analysis of selected scFvs 

[0184] After 3 rounds of selection an aliquot of the eluted phages was used to infect HB2151 cells to allow for ex- 
pression of soluble scFvs. The identification of individual binding clones by peptide ELISA was done as described 
previously in example 2 except that scFv fragments rather than Fab fragments were prepared. 
[0185] About 15% of the analysed clones scored positive at this stage, giving ELISA signals of 50%-150% of the 
signal obtained with the original F58 scFv which was run as a control on the same plate (see fig.10). None of the 
positive scFvs reacted with plastic, Hen eggwhite lysozyme or human thyroglobulin. 

[0186] Nucleotide sequence analysis revealed that the positive clones contained somatically mutated human VH- 
genes derived from germ line genes of the VH-families 1 and 6 (see fig. 11 ). 

8. Replacing the F58 light chain vari able domain by a repertoire of human light chain variable domains 

[0187] About 10 ng of the pooled clones, which have been shown to be active in the peptide ELISA, were used as 
template in a 50 ul standard PCR amplification to obtain the selected heavy chain variable domains. As primers were 
used 20 pmol of each LMB3 and HuJH4FORASSXhol. The human light chain variable domains were amplified from 
an IgG-scFv library (WO 92/01047 example 42) using 50 ng of DNA as template with the primers fdSEQI and HuVHL- 
BACK in a standard PCR amplification. The products of both heavy and light chain amplifications were gel purified and 
used in a PCR assembly (1 ug each) for 7 cycles essentially as described above. Cycling conditions were 94'C 1 min, 
55'C 1 min and 72'C 2 min. After completing the assembly reaction the primers LMB3 and fdSEQI were added (20 
pmol each) and the PCR was continued for further 20 cycles. The assembled products were gel purified and digested 
with Ncol and Notl . Finally 1 ug of cut scFvs were ligated into 3 ug of the Ncol/Notl digested vector pH E N 1 . The resu Iting 
library scFv was selected as described above (step 6). Finally individual clones were screened for binding to the V3 
loop peptide as mentioned before (step 7). 

[0188] The end products are completely human scFv fragments with the same or very similar specificity as the parent 
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murine antibody F58, ie they bind to gp120 V3 loop but not to heterologous proteins. 
Example 4 

5 Isolation of human antibodies derived from the immune repertoire of an immunised mouse, by epitope imprinted 
selection 

[0189] This example describes the generation of human antibodies specific for TNF-alpha from an original library of 
mouse antibodies derived from an immunised mouse by successive rounds of chain shuffling, illustrating a further 
10 embodiment of the present invention. The method depends upon the fact that an intermediate VH/VL combination, 
where one chain is mouse and the other is human, binds to the antigenic epitope to which the original mouse VH/VL 
pairings are directed. 

[0190] In this example, it is preferable to increase the frequency of antibodies to the antigen, here TNF-alpha, in the 
mouse library by preselecting the mouse library for binding to the antigen. This population of mouse antibodies can 

1& then be humanised by chain shuffling. The VH chains from the selected mouse population are kept fixed and assembled 
with a set of human VL chains from a naive human library. This mouse VH/human VL library is then subjected to rounds 
of selection for binders to the antigen of interest. This selected population of semi-humanised antibodies is then fully 
humanised by pairing these human VLs with human VHs again derived from a naive human library. The resulting library 
can then be selected for binders specific for the antigen. Conversely in the first instance mouse VL chains can be fixed 

20 and assembled with human VH chains, and after selection for binding to antigen fully humanised by pairing the isolated 
human VH chains with VL from the naive human library. 

1 . Preparation of singe chain Fv phage display library from an immunised mouse 

25 [0191] RNA is extracted from lymphocytes prepared from the spleen of a mouse hyperimmunised with TNF-alpha. 
DNA sequences encoding variable regions of the heavy and light chains are amplified by PCR and assembled as single 
chain Fv fragments as described in WO 92/01047. Sites are incorporated into the 5» and 3' ends for restriction endo- 
nucleases ApaLI and Notl. Following digestion with ApaLI and Notl the assembled DNA is ligated into ApaLI/Notl di- 
gested pCANTAB3-myc (Figure 12) and electropo rated into E.coli TGI cells and plated on ampicillin selection media 

30 (see protocol (h) below). 

2. Selection of phage displaying mouse scFv fragments binding to TNF. 

[0192] Phagemids are rescued by superinfection with M1 3K07 helper phage and precipitated using 1/5 volume 20% 
55 polyethylene glycol/2.5 M NaCI. A selected population of TNF-alpha binding phage antibodies is prepared by panning 
the phage antibodies on TNF-alpha coated immunosorb tubes (1 mL, 10ug/mL in PBS) and eluting with 1 mL 100mM 
triethylamine for 5 minutes followed by neutralisation with 0.5 mL TRIS (1 M, pH 7.4). 

[0193] The eluted phage is used to infect 10 mL TGI cells in logarithmic growth for 30 minutes at 37'C and plated 
for ampicillin resistant colonies. The resulting colonies are scraped into 2YT media and rescued with M13K07. Phage 
40 antibodies are selected once again on TNF-alpha coated immunosorb tubes as above. E.coli TGI cells are infected 
with the eluted phage and plated and ampicillin resistant colonies are scraped into 2YT media and glycerol added to 
15% and stored at -70'C. The frequency of clones binding to TNF in the selected population is checked at this stage 
by ELISA as described in example 1 . 

45 3. Preparation of DNA as source of fragments for chain shuffling 

Human heavy and light chain DNA 

[0194] A library encoding scFv fragments derived from the V genes of unimmunised humans has been constructed 
so in the vector pHENI (WO 92/01047, example 42). 

DNA preparation 

[01 95] Miniprep DNA was prepared by alkaline lysis from the colonies of the second round of selection (mouse DNA) 
55 and from the naive human library (human DNA). 

[0196] Approximately 5 x 10 7 cells from glycerol stocks are grown overnight at 30'C in 10 mL 2YT media containing 
100 ug/mL ampicillin, 2% glucose. The cells are pelleted by centrifugation (3500 rpm, 15 minutes) and DNA prepared 
from the cell pellet by alkaline lysis using a commercially available kit (Promega). 
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4. Preparation of DNA encoding chain shuffled scFv fragments 
[0197] The following primers are used: 



LMB3 


5'CAG 


GAA 


ACA 


GCT 


ATG 


AC 


3' 




SEQ 


ID 


NO: 


122 


FDTSEQ1 


5 ' GTC 


GTC 


TTT 


CCA 


GAC 


GTT 


AGT 


3' 


SEQ 


ID 


NO: 


123 


PCRHLINK 


5 f ACC 


GCC 


AGA 


GCC 


ACC 


TCC 


GCC 


3' 


SEQ 


ID 


NO: 


124 


LINKPCRL 


5' GGC 


GGA 


GGT 


GGC 


TCT 


GGC 


GGT 


3 


SEQ 


ID 


NO: 


125 



[0198] LMB3 and FDTSEQ1 anneal, respectively, to sequences 5' and 3' flanking the antibody cloning sites of the 
pC ANTAB series of vectors. PCRHLI NK and LINKPCRL and anneal with the sequence encoding the (gly4ser3) peptide 
linker. Using the primers in pairs LMB3/PCRHLINK and FDTSEQ1/LINKPCRL in PCT amplifications, heavy and light 
chain fragments will be generated that have complementary 3'/5' ends and restriction recognition sites at the 573' ends. 
[0199] In this procedure the human library described by Marks et aL, 1991 (supra) is used as the source of heavy 
chain and light chain variable domain encoding DNA. The following chain shuffling protocol is used for each shuffle. It 
is followed once for, e.g. shuffling human naive light chain variable domains with the mouse heavy chain variable 
domains and then again with the selected human light chain variable domains with the human naive heavy chain 
variable domains. The DNA encoding shuffled scFv fragments produced by this procedure is inserted into 
pCANTAB3-myc or pCANTAB5-myc (Figl3) depending on whether mouse VH genes or human VH genes have been 
used in the shuffle respectively. 

(a) Primary PCR 

[0200] Prepare primary heavy and light chain products in the following reactions: 



HEAVY 


LIGHT 


Miniprep DNA (e.g.mouse) 


2ng 


Miniprep DNA (e.g. human) 


2ng 


LMB3 primer (10pmoles/uJ) 


2.5uJ 


FDTSEQ1 primer (10pmoles/uJ) 


2.5uJ 


PCRHLINK primer (10pmoles/uJ) 


2.5uJ 


LINKPCRL primer (10pmoles/uJ) 


2.5uJ 


10X PCR 




10X PCR 


reaction buffer 1 


5.0uJ 


reaction buffer 1 


5.0uJ 


5mM each dNTP's 


2.5uJ 


5mM each dNTP's 


2.5uJ 


Taq polmerase (5U/uJ) 


0.3uJ 


Taq polymerase (5U/uJ) 


0.3uJ 


water 


37uJ ! 


water 


37uJ 



The "reaction buffer" is 10X PCR reaction buffer: 0.1M TRIS pH 8.3, 0.5M KCI, 15 mM MgCI 2 , 0.1% gelatine. PCR 
conditions are 25 cycles of 94'C 1 minute, 60'C 1 minute, 72'C 2 minutes with a final 10 minutes at 72'C . 

(b) Product purification 

[0201] Primary PCR products are purified on agarose gels and purified using 5ul of "glass milk" (Geneclean, Bio 
101) with two elutions in water of 1 0ul each. 

(c) Assembly by PCR 

[0202] Assembly is carried out as followsV 



purified heavy 


2.5ul 


purified light 


2.5ul 


10X reaction buffer 


2ul 


5mM each dNTP's 


1.0ul 


Taq polymerase 


0.2ul 
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(continued) 



75 



20 



25 



30 



40 



45 



50 



55 



water 



37ul 



5 [0203] PCR conditions are 25 cycles of 94'C 1 minute and 65'C for 4 minutes, followed by a final 10 minutes at 72'C. 
The PCR conditions given for the primary PCR will also work, but 65'C is preferred for the linkage reaction. 

(d) Secondary PCR 

10 [0204] For secondary PCRs use lul of the linked material from (c) as template. Set the reaction up as follows: 



linked PCR product 


1uJ 


LMB3 primer 10pmoles/uJ) 


2.5uJ 


FDTSEQ1 primer (10pmoles/uJ) 


2.5|il 


10X PCR reaction buffer 


5.0uJ 


5mM each dNTP's 


2.5uJ 


Taq polmerase (5U/uJ) 


0.3uJ 


water 


37uJ 



[0205] PCR conditions are 25 cycles of 94'C 1 minute, 60'C 1 minute, 72'C 2 minutes with a final 10 minutes at 72'C. 
(e) Digestion of secondary PCR product (insert) 

[0206] Extract the secondary PCR product with phenol:chloroform and ethanol precipitate, to remove Taq polymer- 
ase. Dissolve the PCR product in 270ul of water, add 30ul of 10X reaction buffer. Add 50 units Notl and digest at 37'C 
for 3 hours. Extract with phenol:chloroform and ethanol precipitate. Resuspend the pellet in 270uL water, and add 30 
uL 10X reaction buffer. If the VH used is human use Sfil (50 units) and digest overnight at 50'C, whereas if the VH is 
mouse use ApaLI (50 units) and digest overnight at 37'C. 

[0207] 10X ApaLI buffer: 0.5M potassium acetate, 0.2M TRIS-acetate, 100mM magnesium acetate, lOmM dithioth- 
reitol (pH 7.9 @ 25'C). 

[0208] 10X Notl buffer: 1.5M NaCI, 100mM TRIS-HCI, 100mM MgCI 2 , 0.1% Triton X-100 (pH 7.9 @ 25'C). 
[0209] 10X Sfil buffer: 0.5M NaCI, 100mM TRIS-HCI, 100mM MgCI 2 , lOmM dithiothreitol (pH 7.9 @ 25'C). 

35 (f ) Purification of digested product 

[0210] The digest is treated with phenokchloroform, ethanol precipitated and dissolved in 20 ul water. The product 
is run out on a 1.5% agarose gel, the band at approximately 750 bp is excised from the gel and purified using a 
geneclean kit. The DNA is eluted into a final volume of 10-15ul water and is ready for cloning. 



5. Preparation of vector DNA and cloning 
Preparation of vector DNA 

[0211] Plasmid DNA is prepared by the alkaline lysis method and is purified by cesium chloride centrifugation. The 
purified DNA is digested using a DNA concentration of 100ug/ml with Sfil (for pCANTAB5-myc) or ApaLI (for 
pCANTAB3-myc) according to manufacturers instructions (50'C for Sfil, overnight if convenient) followed by a 3 hour 
digestion with Not 1 . The digestion product is loaded on directly on to a Chromaspin 1000 column to remove the stuffer 
fragment and spun for 3 minutes at 2200 r.p.m. in a bench top centrifuge . The DNA was then phenol :chloroform 
extracted and dissolved at 100ug/ml for use. 

Ligation and transformation 

[0212] Ligations are carried out using an Amersham ligation kit as follows: 



Vector DNA 


1uJ(100ng) 


insert DNA 


2uJ( 10-50ng) 
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(continued) 


10mMMgCI, 200mM Tris pH7.4 


3uJ 


buffer A 


24uJ 


buffer B 


6uJ 



[021 3] Incubate for 30-60 minutes at 1 6'C. For library preparation, use 5 times the volumes shown above. The ligation 
product is concentrated and purified using Geneclean and eluted into a volume of 10-15 ul of water. This is introduced 
into electrocompetent TGI cells where typical transformation efficiencies are as follows: 

10 

pUC1 19 1 .6 X 1 0 9 transformants/u-g 

li gated vector with insert 1 .0 X 1 0 7 transformants/jig 
ligated vector without insert 2.0 X 1 0 6 transformants/u.g 

15 

6. Selection of chain shuffled clones 

[0214] After each chain shuffling procedure clones which bind to TNF-a are selected by the procedure described in 
2 above for selection from the mouse antibody library and binding assayed by ELISA. 

20 

7. Further shuffles 

[0215] Following the initial shuffle e.g. of a selected population of mouse heavy chain variable domains with human 
naive light chain variable domains, the selected clones from this first shuffle are used as a source of miniprep DNA to 
25 repeat the chain shuffling and cloning procedure described in 4 and 5 above, e.g. with the human naive heavy chain 
variable domains of the library derived in WO 92/01047, example 42. Selection is then performed on this second 
shuffled library to isolate fully humanised antibodies binding to TNF-alpha derived by this repertoire imprinted selection 
procedure. 

30 Example 5: Creation of a Synthetic Library 

[0216] By display of antibody repertoires on the surface of filamentous phage and selection of the phage with 
antigen 1 , we can mimic immune selection 2 - 3 and make human antibodies from the rearranged V-genes of unimmunised 
donors 4 . Human antibodies have now been made by synthesis from defined V-gene elements. A repertoire of 49 human 

3S germ line V H gene segments was rearranged in vitro by joining to a synthetic "D-segment" of five random amino acid 
residues and a J-segment, to create a synthetic third complementarity determining region 5 (CDR) of eight residues. 
The rearranged V H genes were cloned with a human VX3 light chain as single-chain Fv fragments for phage display. 
The library of 10 7 phages was panned with a hapten 2-phenyl-oxazol-5-one (phOx) conjugate to bovine serum albumin 
(BSA), and phage isolated that encoded fragments with specific binding activity to phOx-BSA, and with affinities to 

40 phOx-gamma-aminobutyric acid (phOx-GABA) in the micromolar range. Comparison of twenty one clones with unique 
sequences showed that the in vitro "immune response 0 to the hapten was largely restricted to the V H 26 segment (V H 3 
family) 6 with an invariant aromatic residue (Tyr, Phe, Trp) at residue 98 of CDR3. The use of V-genes rearranged jn 
vitro may allow the design of antibody libraries biased towards the binding of antigens of known structure, and the 
creation of therapeutic human antibodies with reduced immunogenicity. 

45 [0217] Antibody variable domains consist of a p-sheet framework with three loops of hypervariable sequence or 
CDRs 5 . The loops create antigen binding sites of a variety of shapes, ranging from flat surfaces 7 to pockets 8 . For 
human heavy chains, the sequence diversity of the first two CDRs are encoded by a repertoire of about fifty germ line 
V H segments. (I.M. Tomlinson et a)., supra). The third CDR is generated from the recombination of these segments 
with about thirty D and six J segments 9 , and although its sequence is highly variable, it often includes a salt bridge 

so from Asp1 01 of the loop to Arg94of the framework 10 . The structures and lengths of the first two CDRs are restricted 10,11 , 
but those of CDR3 differ greatly, with lengths ranging from 4 to 25 residues 5 . 

[0218] A library was created of rearranged V H genes with a CDR3 of eight residues including AsplOI, in combination 
with a single (ref.12) light chain. Forty nine germ line V H segments encoding most of the human V H repertoire 
(Tomlinson et al., supra) were each amplified using the polymerase chain reaction 13 and oligonucleotide primers that 
55 introduce a synthetic D-segment (of 1 5 bases of random sequence at the 3' end of the V H segment) and a J-segment, 
together encoding a CDR3 loop of eight residues (Fig.1 4). The rearranged segments were pooled and cloned for phage 
display with a human VX3 light chain, creating a synthetic library of 10 7 phage clones. Like the immune system, the 
synthetic library of 10 7 phage clones can tap only a small fraction of the potential diversity. Thus the diversity is poten- 
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tially 49 x 32 5 = 1 .6 x 10 9 different nucleotide sequences, or 49 x 20 5 = 1 .6 x 10 8 different amino acid sequences. 
[0219] The library was subjected to four rounds of growth and panning on phOx-bovine serum albumin (BSA) coated 
tubes, and clones screened as soluble 14 single chain Fv fragments 15 - 16 for binding activity to phOx-BSA by ELISA 4 . 
After the third and fourth rounds, 14/96 and 61/96 clones respectively were identified with binding activities to phOx- 
s BSA and of these (29 tested) none bound to other proteins (see legend Table 4). Furthermore their binding to phOx- 
BSA coated plates could be competed with the soluble hapten (Table 4). 

[0220] Sequencing revealed that many (21/29) of the phOx binders were unique, with an eight residue CDR3, and 
utilised either a segment from the V H 4 family, or one of three segments from the V H 3 family (Table 4). Together these 
segments use three of the seven "canonical" folds available to the first two hypervariable loops of human V H segments. 
10 (C. Chothia, et ai., supra). The majority of the unique clones (16/21) were derived from the VH26 segment 6 and have 
related sequences in the third hypervariable loop: in this group the first residue tends to have a branched aliphatic side 
chain (15/16), the second residue tends to be lysine or arginine (11/16), while the fourth residue is always an aromatic 
residue (most frequently tyrosine). 

[0221] The affinities (K d ) of two of the stronger binders (Ox 1 3 and Ox-31 , Table 4) for phOx-GABA were determined 

15 by fluorescence quench titration 17 as 3:1 ±0.2 uis/l and 6.7 ± 0.7 u,M respectively. Although the synthetic antibody 
library lacks the diverse VH-CDR3 lengths and the different light chains of antibodies made in vivo, the affinities for 
phOx-GABA compare with 0.5 jiM for a (phage) antibody made from unimmunised human donors 4 , or 1 jiM for several 
hybridomas from a mouse primary immune response 18 (but see caveat, Table 3 legend). To improve these affinities, 
one could systematically alter (see below) the many different phOx antibodies selected (Table 3). 

20 [0222] In principle, the use of phage display libraries of V-genes rearranged in vitro offers an attractive alternative 
to those rearranged in vivo 4 . Firstly the framework regions and first two hypervariable loops of both heavy and light 
chains of the synthetic human antibodies created from the library are essentially germ line. This contrasts with the 
"primary" phage antibodies tapped from human V-genes rearranged in vivo, in which the extent of somatic mutation 
varied widely 4 . Leaving aside polymorphism, the VH gene segments are identical in different individuals, and the syn- 

25 thetic antibodies are potentially less immunogenic. By altering the lengths and sequences of the heavy and light chain 
CDR3 loops, or by localising the minimal mutations in the other CDR loops, or by shuffling with synthetic "germ line" 
light chains 19 - 20 , it may be possible to improve their affinities while retaining their germ line character. 
[0223] Secondly both kinds of libraries are highly biased. In the "natural" libraries, the bias is outside our control, 
and is imposed for example by allelic variation, deletion polymorphism and deletion of self-reactive clones. In the 

30 synthetic library, the bias can be introduced systematically. Here for example, all the VH-gene segments, were chosen 
and thereby the folding of the first and second hypervariable loops: also fixed were the length and diversity of VH- 
CDR3 and the light chain. Although several ways of making diverse synthetic libraries have been suggested 2 , it should 
also be possible to incorporate design principles into the encoded structures. If the shape of the antigen were known, 
an envelope of roughly complementary binding sites might be designed and built with defined V-gene elements. Use 

35 of such "designer" libraries would favour the isolation of antibodies with higher affinities. 



Table 3 





Family 


No. of genes 


VH segments* 


Library x 10" 6 


size (%) 


40 


V H 'l 


14 


1-5,7,8,10,12, 14,15,20,21,25 


2.3 


"(20)"" 




V H 2 


1 


27 


1.0 


(9) 




V H 3 


23 


29-33,35,38-40, 42,44-54,58,59 


2.1 


(19) 




V H 4 


9 


63-71 


2.6 


(23) 




V H 5 


1 


73 


1.4 


(12) 


45 


V H 6 


1 


74 


1.9 


(17) 




Total: 


49 




11. 3 


000) 



*for simplicity V H segments are listed according to DP nomenclature of Tomlinson et al., supra. 



50 Table 3 - Composition of the synthetic library 

[0224] Forty nine human V H segments (Tomlinson et al, supra) were used, one for each of the V H 2, V H 5 and V H 6 
gene families and multiple segments for the other three families, and cloned according to family. Clones from the V H 
segments of each family (see legend Fig.1 ) were checked for presence of insert (on average 85%) and pooled into a 
55 single large library as in Table 4, creating a (controlled) bias for certain gene families. The segments from the V H 2, 
V H 5, V H 6 families are thereby "overrepresented" with respect to the segments from other families. Sequencing of thirty 
five clones from the unselected library confirmed that V H segments from each family were present, and that the nucle- 
otides were present in the expected ratios in the D-segment, but with a slight bias for C. (At the first and second position 
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of each codon, A, 21 .3%; G, 1 7.9%; C33.7% and T, 27. 1 %; at the third position, G, 42.6% and T, 57.4%). The expression 
levels of the antibody fragments were also checked, and V H segments were identified in clones with detectable ex- 
pression levels, for example V H 1 (DP-7), V H 2 (DP-27), V H 3 ( DP-29,35,38,44,47,51,53), V H 4 (DP-63,69), V H 5 (DP- 
73) and (DP-74). 

5 

Methods 

[0225] The clones were checked for presence of insert by 'PCR-screening' 21 with oligonucleotides LMB3 and pHEN- 
SEQ (ref.4) and sequenced from double-stranded DNA by the dideoxy chain termination method 22 with oligonucleotide 
10 LINKSEQ (5'-CGA TCC GCC ACC GCC AGA G-3'). (The numbers in the tables are corrected for insert). Expression 
of soluble scFv fragments was checked by spotting 10jil supernatant of induced overnight cultures in E. coli HB2151 
(ref.14) onto a nitrocellulose filter using a slot-blot device (Minifold II, Schleicher and Schuell), and detecting the bound 
peptide-tagged scFv fragments with 9E10 antibody 23 and peroxidase labelled anti-mouse antibodies (Sigma). 

is Table 4 
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Clone 


Family 


Germline gene* 


Canonical Loop structure* 


'so* 


Ox-31 


V H 3 


DP-42 


1-1 


26 


VA 1 U 


V H cJ 


Ur Hj 




>OUU 


Ox-18 


a 


n 


■ 


>300 


Ox-33 


V H 3 


DP-47 


1-3 


20 


Ox- 13 


II 




■ 


50 


Ox-9 


u 


u 


■ 


80 


Ox-7 


n 


II 


■ 


86 


Ox-30 


H 


n 




86 


Ox-12 


U 


u 


■ 


86 


Ox-5 


D 


ii 


■ 


100 


Ox-3 


II 




■ 


125 


Ox-20 


n 


a 


0 


125 


Ox-21 


it 


II 


■ 


125 


Ox-4 


ii 


II 


n 


130 


Ox-10 


ii 


N 




150 


Ox-14 




ii 


B 


180 


Ox-19 


u 


II 


D 


250 


Ox-25 


ii 




a 


>400 


Ox-27 




N 


a 


H 


Ox-2§ 


V H 4 


DP-67 


2-1 


>400 


Ox-1 






■ 


>400 



* Tomlinson et al., supra, Chothia et ah, supra. 

' in ^M, according to competition ELISA with phOx-GABA. 

§ shows V67A mutation in FR3. 

H Not determined. 

45 

Table 4 - phOx-binders isolated from the synthetic library 

[0226] Phage were prepared from the library by rescue with VCS-M1 3, and subjected to rounds of panning in phOx- 
BSA coated tubes as in ref.4. The sequences of 21 phage binding to phOx revealed four germ line VH segments, DP- 

so 42,45,47 (VH3 family) and DP-67 (VH4 family). DP-47 is identical to VH26 (ref.6, corrected in ref.24), while DP-42, 
DP-45 and DP-67 only differ in one or a few framework residues from 8-1 B (ref.25), 65-2 (ref.26) or VH4.22 (ref.27) 
respectively. Clones from the unselected library using the DP47 V H segment and lacking the characteristic pattern of 
CDR3 did not bind to phOx. Of the 21 phOx binders tested, none bound to BSA, NIP-BSA, plastic, chymotrypsinogen 
A, cytochrome c, bovine thyroglobulin, keyhole limpet haemocyanin or turkey egg white lysozyme. Four clones that 

55 bound to BSA (but not to phOx) were found to be contaminants (aBSA3 clones, from ref.4). 
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Methods 

[0227] As in ref .4. The relative affinities of the scFv fragments were determined by inhibition ELISA 28 . A serial dilution 
of 4-gamma-amino-butyric acid methylene 2-phenyloxazol-5-one (phOx-GABA), with concentrations ranging from 6 
to 400u.M, was made in 4% Marvel-PBS, and scFv supernatant added. The concentration of phOx-GABA resulting in 
a 50% reduction of the signal (l 50 ) for binding to phOx-BSA was noted. The affinities of the clones Ox-13 and Ox-31 
for phOx-GABA were determined by fluorescence quench titration using scFv purified by the c-myc tag (ref.4). Ideally, 
the affinity for the phOx-BSA conjugate would have been measured directly, or that for phOx-caproic acid, but phOx- 
GABA was used here to allow comparison with the hybridoma data of ref. 18. The affinities of the antibodies for the 
phOx conjugate, or for phOx-caproic acid are likely to be better than those measured for phOx-GABA. 

Figure 14 - Assembly of rearranged VH genes (see text) Methods 

[0228] A synthetic oligonucleotide SYNLIB1 5' GCC TCC ACC TCT CG A GAC GGT GAC CAG GGT ACC TTG GCC 
CCA ATA GTC AAA ([A/C]NN) S TCT TGC ACA GTA ATA CAC GGC CGT GTC 3' (SEQ ID NO: 109, see Table 1) 
introduced a D-segment with a five residue random amino acid sequence, a J-segment and an Xhol restriction site, to 
the 3' end of each of 49 human V H germline segments (Tomlinson et al., supra). The primer was used in the polymerase 
chain reaction 1 3 with a V H family based back primer (VHBACK) incorporating an Ncol site 4 . Each V H segment clone 
(provided as single stranded template in M1 3 vector) was amplified separately at 94°C for 1 min, 50°C for 1 min, and 
72°C for 1 .5 min, for 25 cycles, on a PHC-3 thermocycler (Techne). Each amplification was checked by electrophoresis 
on agarose gel, and similar amounts of DNA from V H segments of the same family were pooled, digested with Ncol 
and Xhol, and cloned into the vector pHENI (ref.14) carrying a rearranged V\3 light chain variable domain (IGLV3S1 ; 
ref.1 2) taken from a scFv fragment binding to BSA 4 . 

[0229] If, instead of a random oligonucleotide, an oligonucleotide encoding a CDR, eg rodent, is used, this would 
imprint that non-human CDR on the product synthetic human library. 
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Claims 

1. A method of producing antibody polypeptide dimers or scFv fragments specific for an antigen of interest, having 
the following steps: 

(i) providing nucleic acid expression vectors which are capable of being packaged using a component of a 
replicable genetic display package (rgdp); 

(ii) combining (a) a genetically diverse repertoire of nucleic acid sequences which each encode a first com- 
ponent part of an antigen-binding site of a human antibody with (b) nucleic acid which encodes a unique or 
genetically diverse population of a second component part of an antigen-binding site of a non-human antibody 
known to bind said antigen of interest, to form a library of nucleic acid sequences on said expression vectors 
encoding antibody polypeptide dimers of scFv fragments, which dimers or scFv fragments each consist of a 
first polypeptide chain component and a second polypeptide chain component, a first antigen-binding site 
component part and a second antigen-binding site component part in combination forming an antigen-binding 
site of an antibody polypeptide dimer or scFv fragment; 

(iii) expressing said library from said vectors in recombinant host organism cells, each of the said first polypep- 
tide chain components being expressed as a fusion with a component of an rgdp which thereby displays said 
first polypeptide chain component at the surface of rgdps; 

(iv) selecting from said expressed library by binding with antigen a unique or restricted population of said 
antibody polypeptide dimers or scFv fragments which have binding specificity for said antigen of interest, each 
selected antibody polypeptide dimer or scFv fragment being associated in its respective rgdp with nucleic acid 
encoding a said first component part of the antigen-binding site thereof. 

2. A method according to claim 1 wherein said antibody polypeptide dimers or scFv fragments are expressed as 
soluble polypeptides after selection in step (iv). 

3. A method according to claim 1 or claim 2 wherein the sequence encoding each said second component part of 
non-human antibody is genetically altered to increase its homology to a second component part of a human anti- 
body prior to said combination in step (ii). 

4. A method according to any one of the preceding claims having an additional step (v) wherein antibody polypeptide 
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dimers or scFv fragments selected in step (iv) are genetically altered to remove or reduce non-human character- 
istics. 

5. A method according to claim 4 wherein step (v) comprises: 

(a) combining a unique or restricted population of nucleic acid encoding said first antigen-binding site compo- 
nent parts selected in step (iv) with a genetically diverse repertoire of nucleic acid sequences each encoding 
a second component part of an antigen-binding site of human antibody, to form a second library of nucleic 
acid sequences encoding antibody polypeptide dimers or scFv fragments, each antibody polypeptide dimer 
or scFv fragment comprising a second antibody polypeptide chain component which is expressed from nucleic 
acid which is capable of being packaged using a component of an rgdp, said second chain component being 
expressed as a fusion with a component of an rgdp which thereby display it at the surface of rgdps, so that 
antibody polypeptide dimers or scFv fragments specific for said antigen of interest, are selectable from said 
second library by binding with said antigen of interest, each antibody polypeptide dimer or scFv fragment being 
associated in its rgdp with nucleic acid encoding a second polypeptide component thereof. 

6. A method according to claim 4, wherein step (v) comprises: 

a) providing nucleic acid expression vectors which are capable of being packaged using a component of a 
replicable genetic display package (rgdp); 

b) combining nucleic acid which encodes a unique or genetically diverse population of a first component part 
of an antigen binding site of a non-human antibody known to bind said antigen of interest with a genetically 
diverse repertoire of nucleic acid sequences which each encode a second component part of an antigen- 
binding site of a human antibody, to form a second library of nucleic acid sequences on said expression vectors 
encoding antibody polypeptide dimers or scFv fragments, which dimers or scFv fragments each consist of a 
first polypeptide chain component and a second polypeptide chain component, a first antigen-binding site 
component part and a second antigen-binding site component part in combination forming an antigen-binding 
site of an antibody polypeptide dimer or scFv fragment; 

c) expressing said second library from said vectors in recombinant host organism cells, each of the said second 
polypeptide chain components being expressed as a fusion with a component of an rgdp which thereby dis- 
plays said second polypeptide chain component at the surface of rgdps; 

d) selecting from said second expressed library by binding with antigen a unique or restricted population of 
said antibody polypeptide dimers or scFv fragments which have binding specificity for said antigen of interest, 
each selected antibody polypeptide dimer or scFv fragment being associated in its respective rgdp with nucleic 
acid encoding a said second component part of the antigen-binding site thereof; 

e) combining a unique or restricted population of nucleic acid encoding said first antigen-binding site compo- 
nent parts selected in step (iv) with the unique or restricted population of nucleic acid encoding said second 
antigen-binding site component parts selected in step (d), to form a third library of nucleic acid sequences 
encoding antibody polypeptide dimers or scFv fragments, from which a unique or restricted population of 
human polypeptide dimers or scFv fragments specific for said antigen are selectable. 

7. A method according to any one of the preceding claims wherein said second component part of an antigen-binding 
site of a non-human antibody is an antibody region which makes contact with antigen. 

45 8. A method according to claim 7 wherein said region is a complementarity determining region (CDR). 

9. A method according to any one of claims 1 to 6 wherein said second component part of an antigen-binding site of 
a non-human antibody is a second polypeptide chain component of an antibody. 

so 10. A method of producing human antibody polypeptide dimers or scFv fragments specific for an antigen of interest, 
comprising 

(i) combining a diverse population of polypeptides each comprising a variable domain of a first polypeptide 
chain of a human antibody (population A) with a unique or restricted population of polypeptides each comprising 
55 a variable domain of a second polypeptide chain of a non-human antibody specific for said antigen (population 

B), thereby forming a library of antibody polypeptide dimers or scFv fragments each consisting of a polypeptide 
which comprises a variable domain of a first polypeptide chain of a human antibody and a polypeptide which 
comprises a variable domain of a second polypeptide chain of a non-human antibody; 
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(ii) selecting from said library a unique or restricted population of said antibody polypeptide dimers or scFv 
fragments which have binding specificity for said antigen (population C); 

(iii) combining a unique or restricted population of polypeptides derived from polypeptide dimers or scFv frag- 
ments selected in step (ii) each comprising a human first polypeptide chain (population D) with a diverse 
population of polypeptides each comprising a variable domain of a second polypeptide chain of a human 
antibody (population E), thereby forming a library of human antibody polypeptide chain dimers or scFv frag- 
ments from which a unique or restricted population of human antibody polypeptide dimers or scFv fragments 
specific for said antigen (population F) are selectable. 

11. A method according to claim 10 wherein: 

(a) said polypeptides of population A are each expressed from a vector (X) in recombinant host organism cells 
as a fusion with a component of a replicable genetic display package (rgdp) which thereby displays said 
polypeptide at the surface of rgdps in a first population of rgdps; 

(b) nucleic acid of said vector (X) is capable of being packaged using said rgdp component, whereby the 
genetic material of each said rgdp encodes a said polypeptide of population A, so that the antibody polypeptide 
dimers or scFv fragments of population C are each associated in their respective rgdp with nucleic acid en- 
coding a polypeptide comprising a variable domain of a first polypeptide chain of a human antibody; 

(c) each of said polypeptides of population E is expressed from a vector (Y) in recombinant host organism 
cells as a fusion with a component of a rgdp which thereby displays it at the surface of rgdps in a second 
population of rgdps; and 

(d) nucleic acid of said vector (Y) is capable of being packaged using said rgdp component, whereby the 
genetic material of each said rgdp in the second population of rgdps encodes a said polypeptide of population E. 

12. A method according to claim 10 or claim 11 wherein said population A is not expressed from the same vector as 
said population B; and said population D is not expressed from the same vector as said population E. 

13. A method according to claim 10 or claim 11 wherein said population A is expressed from the same vector as said 
population B; and said population D is expressed from the same vector as said population E. 

14. A method according to claim 10 or claim 11 wherein polypeptides of said population B are chimaeric, each com- 
prising a human antibody constant domain. 

15. A method according to claim 10 or claim 11 wherein the polypeptides of said population E each comprise region 
from a non-human antibody specific for said antigen, which region is one which makes contact with antigen. 

16. A method according to claim 15 wherein said region is a complementarity determining region (CDR). 

17. A method according to claim 16 wherein said CDR is CDR3. 

18. A method according to any one of claims 1 0 to 1 7 wherein said first polypeptide chain is antibody light chain, said 
second polypeptide chain being antibody heavy chain. 

19. A method of producing human antibody polypeptide dimers or scFv fragments specific for an antigen of interest, 
comprising 

i) combining a diverse population of polypeptides each comprising a variable domain of a first polypeptide 
chain of a human antibody (Population A) with a unique or restricted population of polypeptides each com- 
prising a variable domain of a second polypeptide chain of a non-human antibody specific for said antigen 
(population B), thereby forming a library of antibody polypeptide dimers or scFv fragments each consisting of 
a polypeptide which comprises a variable domain of a first polypeptide chain of a human antibody and a 
polypeptide which comprises a variable domain of a second polypeptide chain of a non-human antibody; 

ii) selecting from said library a unique or restricted population of said antibody polypeptide dimers or scFv 
fragments which have binding specificity for said antigen (population C); 

iii) combining a unique or restricted population of polypeptides each comprising a variable domain of a first 
polypeptide chain of a non-human antibody specific for said antigen (population H) with a diverse population 
of polypeptides each comprising a variable domain of a second polypeptide chain of a human antibody (Pop- 
ulation I), thereby forming a second library of antibody polypeptide dimers or scFv fragments each consisting 
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of a polypeptide which comprises a variable domain of a first polypeptide chain of a non-human antibody and 
a polypeptide which comprises a variable domain of a second polypeptide chain of a human antibody; 
iv) selecting from said second library a unique or restricted population of said antibody polypeptide dimers or 
scFv fragments which have binding specificity for said antigen (population J) 

s v) combining a unique or restricted population of polypeptides derived from polypeptide dimers or scFv frag- 

ments selected in step (ii) each comprising a human first polypeptide chain (population K) with a unique or 
restricted population of polypeptides derived from polypeptide dimers or scFv fragments selected in step (iv) 
each comprising a h uman second polypeptide chain (popu lation L) , thereby forming a library of human antibody 
polypeptide chain dimers or scFv fragments from which a unique or restricted population of human polypeptide 

10 dimers or scFv fragments specific for said antigen (population F) are selectable. 

20. A method according to claim 1 9 wherein: 

(a) said polypeptides of population A are each expressed from a vector (X) in recombinant host organism cells 
1 5 as a fusion with a component of a replicable genetic display package (rgdp) which thereby displays said 

polypeptide at the surface of rgdps in a first population of rgdps; 

(b) nucleic acid of said vector (X) is capable of being packaged using said rgdp component, whereby the 
genetic material of each said rgdp encodes a said polypeptide of population A, so that the antibody polypeptide 
dimers or scFv fragments of population C are each associated in their respective rgdp with nucleic acid en- 

20 coding a polypeptide comprising a variable domain of a first polypeptide chain of a human antibody; 

(c) each of said polypeptides of population I is expressed from a vector (Z) in recombinant host organism cells 
as a fusion with a component of a rgdp which thereby displays it at the surface of rgdps in a second population 
of rgdps; and 

(d) nucleic acid of said vector (Z) is capable of being packaged using said rgdp component, whereby the 
25 genetic material of each said rgdp in the second population of rgdps encodes a said polypeptide of population I . 

21. A method according to claim 19 or claim 20 wherein said population A is not expressed from the same vector as 
said population B; and said population H is not expressed from the same vector as said population I. 

30 22. A method according to claim 1 9 or claim 20 wherein said population A is expressed from the same vector as said 
population B; and said population H is expressed from the same vector as said population I. 

23. A method according to claim 19 or claim 20 wherein polypeptides of any one of said populations B and H are 
chimaeric, each comprising a human antibody constant domain. 

35 

24. A method according to claim 19 or claim 20 wherein the polypeptides of said population I each comprise region 
from a non-human antibody specific for said antigen, which region is one which makes contact with antigen. 

25. A method according to claim 24 wherein said region is a complementarity determining region (CDR). 

40 

26. A method according to claim 25 wherein said CDR is CDR3. 

27. A method according to any one of claims 19 to 26 wherein said first polypeptide chain is antibody light chain, said 
second polypeptide chain being antibody heavy chain. 

45 

28. A method according to any of claims 1 0 to 27 comprising an additional step of selecting said population F of human 
antibody polypeptide dimers or scFv fragments specific for said antigen. 

29. A method according to any one of claims 10 to 28 wherein any one of said populations C and F is selected by 
so binding with said antigen. 

30. A method according to any one of claims 19 to 30 wherein population I is selected by binding with said antigen. 

31. A method according to any one of the previous claims wherein each antibody polypeptide dimer of any of said 
55 libraries of antibody polypeptide dimers is expressed as a Fv or Fab fragment. 

32. A method according to any of claims 1 to 9 wherein nucleic acid encoding a selected antibody polypeptide dimer 
or scFv fragment or a said component part from an associated rgdp is used to express the encoded antibody 
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polypeptide dimer or scFv fragment or a said component part or is modified and used to express a derivative of 
the encoded antibody polypeptide dimer or scFv fragment or a said component part by way of addition, deletion, 
substitution or insertion of amino acids or linkage of another molecule. 

s 33. A method according to claim 32 wherein the expressed antibody polypeptide dimer or scFv fragment or derivative 
thereof is used to prepare a medicament. 

34. A method according to claim 28 wherein a human antibody polypeptide dimer or scFv fragment specific for said 
antigen selected from said population F is used to prepare a medicament. 

10 

Patentanspruche 

1 . Verfahren zur Herstellung von Antikorper-Polypeptid-Dimeren oder scFv-Fragmenten, die fur ein Antigen von In- 
15 teresse spezifisch sind, folgende Schritte umfassend: 

(i) das Bereitstellen von Nukleinsaure-Expressionsvektoren, die unter Verwendung einer Komponente eines 
replizierbaren Gen-Freilegungspakets ("replicable genetic display package", RGDP) zu Paketen zusammen- 
gefa&t werden konnen, 

20 (ii) das Kombinieren (d) eines genetisch vielfaltigen Repertoires von Nukleinsauresequenzen, die jeweils fur 

eine erste Teilkomponente einer Antigen-Bindungsstelle eines menschlichen Antikorpers kodieren mit (b) Nu- 
kleinsaure, die fur eine einzigartige oder genetisch vielfaltige Population einer zweiten Teilkomponente einer 
Antigen-Bindungsstelle eines nicht-mensch lichen Antikorpers kodiert, der bekanntermaBen das Antigen von 
Interesse bindet, urn eine Sammlung von Nukleinsauresequenzen auf den Expressionsvektoren zu bilden, 

25 die fur Antikorper-Polypeptid-Dimere von scFv-Fragmenten kodieren, wobei die Dimere oder scFv-Fragmente 

jeweils aus einer ersten Polypeptidketten-Komponente und einer zweiten Polypeptidketten-Komponente be- 
stehen, wobei eine erste Antigen-Bindungsstellen-Teilkomponente und eine zweite Antigen-Bindungsstellen- 
Teilkomponente in Kombination eine Antigen-Bindungsstelle eines Antikorper-Polypeptid-Dimers oder scFv- 
Fragments bilden; 

30 (iii) das von den Vektoren ausgehende Exprimieren der Sammlung in rekombinanten Wirtsorganismuszellen, 

wobei jede der ersten Polypeptidketten-Komponenten als Fusion mit einer Komponente eines RGDPs expri- 
miert wird, wodurch die erste Polypeptidketten-Komponente an der Oberfiache der RGDPs freigelegt wird; 
(iv) das Selektieren einer einzigartigen oder eingeschrankten Population der Antikorper-Polypeptid-Dimere 
oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen von Interesse aufweisen, aus der exprimierten 

35 Sammlung durch Bindung an Antigen, wobei jedes selektierte Antikorper-Polypeptid-Dimer oder scFv-Frag- 

ment in seinem jeweiligen RGDP mit Nukleinsaure verbunden ist, die fOr eine erste Teilkomponente seiner 
Antigen-Bindungsstelle kodiert. 

2. Verfahren nach Anspruch 1, worin die Antikorper-Polypeptid-Dimere Oder scFv-Fragmente nach der Selektion in 
40 Schritt (iv) als losliche Polypeptide exprimiert werden. 

3. Verfahren nach Anspruch 1 oder 2, worin die fur jede der zweiten Teilkomponenten eines nicht-menschlichen 
Antikorpers kodierende Sequenz vor dem Kombinieren in Schritt (ii) genetisch verandert wird, urn ihre Homologie 
zu einer zweiten Teilkomponente eines menschlichen Antikorpers zu erhohen. 

45 

4. Verfahren nach einem der vorangegangenen Anspruche, das einen zusatzlichen Schritt (v) umfaRt, worin in Schritt 
(iv) selektierte Antikorper-Polypeptid-Dimere oder scFv-Fragmente genetisch verandert werden, urn nicht- 
menschliche Merkmale zu entfernen oder zu verringern. 

50 5. Verfahren nach Anspruch 4, worin Schritt (v) folgendes umfaGt: 

(a) das Kombinieren einer einzigartigen oder eingeschrankten Population von Nukleinsaure, die fur die in 
Schritt (iv) selektierten ersten Antigen-Bindungsstellen-Teilkomponenten kodiert, mit einem genetisch vielfal- 
tigen Repertoire von Nukleinsauresequenzen, die jeweils fur eine zweite Teilkomponente einer Antigen-Bin- 
55 dungsstelle eines menschlichen Antikorpers kodieren, urn eine zweite Sammlung von Nukleinsauresequenzen 

zu bilden, die fur Antikorper-Polypeptid-Dimere oder scFv-Fragmente kodieren, wobei jedes Antikorper-Poly- 
peptid-Dimer oder scFv-Fragment eine zweite Antikorper-Polypeptidketten-Komponente umfaBt, die aus Nu- 
kleinsaure exprimiert wird, die unter Verwendung einer Komponente eines RGDPs zu einem Paket zusam- 
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mengefaGt warden kann, wobei die zweite Ketten-Komponenteals Fusion mlt einer Komponente eines RGDPs 
exprimiert wird, wodurch sie an der RGDP-Oberflache freiliegt, so daB Antikorper-Polypeptid-Dimere Oder 
scFv-Fragmente, die fur das Antigen von Interesse spezifisch sind, aus der zweiten Sammlung durch Bindung 
an das Antigen von Interesse selektierbar sind, wobei jedes Antikorper-Polypeptid-Dimer oder scFv-Fragment 
in seinem RGDP mit Nukleinsaure verbunden ist, die fur seine zweite Polypeptid-Komponente kodiert. 

6. Verfahren nach Anspruch 4, worin Schritt (v) folgendes umfaBt: 

a) das Bereitstellen von Nukleinsaure-Expressionsvektoren, die unter Verwendung einer Komponente eines 
replizierbaren Gen-Freilegungspakets (RGDP) zu Paketen zusammengefaBt werden konnen; 

b) das Kombinieren von Nukleinsaure, die fur eine einzigartige oder genetisch vielfaltige Population einer 
ersten Teilkomponente einer Antigen-Bindungsstelle eines nicht-menschlichen Antikorpers kodiert, der be- 
kanntermaBen das Antigen von Interesse bindet, mit einem genetisch vielfaltigen Repertoire von Nukleinsau- 
resequenzen, die jeweils fur eine zweite Teilkomponente einer Antigen-Bindungsstelle eines menschlichen 
Antikorpers kodieren, urn eine zweite Sammlung von Nukleinsauresequenzen auf den Expressionsvektoren 
zu bilden, die fur Antikorper-Polypeptid-Dimere oder scFv-Fragmente kodieren, wobei die Dimere oder scFv- 
Fragmente jeweils aus einer ersten Polypeptidketten-Komponente und einer zweiten Polypeptid ketten-Kom- 
ponente bestehen, wobei eine erste Antigen-Bindungsstellen-Teilkomponente und eine zweite Antigen-Bin- 
dungsstellen-Teilkomponente in Kombination eine Antigen-Bindungsstelle eines Antikdrper-Polypeptid-Di- 
mers oder scFv-Fragments bilden; 

c) das von den Vektoren ausgehende Exprimieren der zweiten Sammlung in rekombinanten Wirtsorganismus- 
zellen, wobei jede der zweiten Polypeptidketten-Komponenten als Fusion mit einer Komponente eines RGDPs 
exprimiert wird, wodurch die zweite Polypeptidketten-Komponente an der Oberflache der RGDPs freigelegt 
wird; 

d) das Selektieren einer einzigartigen oder eingeschrankten Population der Antikorper-Polypeptid-Dimere 
oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen von Interesse aufweisen, aus der zweiten ex- 
primierten Sammlung durch Bindung an Antigen, wobei jedes selektierte Antikorper-Polypeptid-Dimer oder 
scFv-Fragment in seinem jeweiligen RGDP mit Nukleinsaure verbunden ist, die fur eine zweite Teilkomponente 
seiner Antigen-Bindungsstelle kodiert; 

e) das Kombinieren einer einzigartigen oder eingeschrankten Population von Nukleinsaure, die fur die in Schritt 
(iv) selektierten ersten Antigen-Bindungsstellen-Teilkomponenten kodiert, mit der einzigartigen oder einge- 
schrankten Population von Nukleinsaure, die fur die in Schritt (d) selektierten zweiten Antigen-Bindungsstellen- 
Teilkomponenten kodiert, urn eine dritte Sammlung von Nukleinsauresequenzen zu bilden, die fur Antikorper- 
Polypeptid-Dimere oder scFv-Fragmente kodieren, aus denen eine einzigartige oder eingeschrankte Popula- 
tion menschlicher Polypeptid-Dimere oder scFv-Fragmente selektierbar ist, die fur das Antigen spezifisch sind. 

7. Verfahren nach einem der vorangegangenen Anspruche, worin die zweite Teilkomponente einer Antigen-Bin- 
dungsstelle eines nicht-menschlichen Antikorpers ein Antikorperbereich ist, der Kontakt mit Antigen herstellt. 

8. Verfahren nach Anspruch 7, worin der Bereich ein Komplementaritat bestimmender Bereich (CDR) ist. 

9. Verfahren nach einem der Anspruche 1 bis 6, worin die zweite Teilkomponente einer Antigen-Bindungsstelle eines 
nicht-menschlichen Antikorpers eine zweite Polypeptidketten-Komponente eines Antikorpers ist. 

10. Verfahren zur Herstellung von menschlichen Antikorper-Polypeptid-Dimeren oder scFv-Fragmenten, die fur ein 
Antigen von Interesse spezifisch sind, umfassend: 

(i) das Kombinieren einer vielfaltigen Population (Population A) von Polypeptides die jeweils eine variable 
Domane einer ersten Polypeptidkette eines menschlichen Antikorpers umfassen, mit einer einzigartigen oder 
eingeschrankten Population (Population B) von Polypeptiden, die jeweils eine variable Domane einer zweiten 
Polypeptidkette eines nicht-menschlichen Antikorpers umfassen, der fur das Antigen spezifisch ist, wodurch 
eine Sammlung von Antikorper-Polypeptid-Dimeren oder scFv-Fragmenten gebildet wird, die jeweils aus ei- 
nem Polypeptid, das eine variable Domane einer ersten Polypeptidkette eines menschlichen Antikorpers um- 
faBt, und einem Polypeptid, das eine variable Domane einerzweiten Polypeptidkette eines nicht-menschlichen 
Antikorpers umfaBt, bestehen; 

(ii) das Selektieren einer einzigartigen oder eingeschrankten Population (Population C) der Antikorper-Poly- 
peptid-Dimere oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen aufweisen, aus der Sammlung; 

(iii) das Kombinieren einer einzigartigen oder eingeschrankten Population (Population D) von Polypeptiden, 
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die von den in Schritt (ii) selektierten Polypeptid-Dimeren oder scFv-fragmenten herruhren, die jeweils eine 
menschlicheerste Polypeptidkette umfassen, mil einer vieltaltigen Population (Population E) von Polypeptides 
die jeweils eine variable Domane einer zweiten Polypeptidkette eines menschlichen Antikorpers umfassen, 
wodurch eine Sammlung von menschlichen Antikorper-Polypeptid-Dimeren oder scFv-Fragmenten gebildet 
s wird, ausdenen eine einzigartige oder eingeschrankte Population (Population F) von menschlichen Antikorper- 

Polypeptid-Dimeren oder scFv-Fragmente selektierbar ist, die fur das Antigen spezifisch sind. 

11. Verfahren nach Anspruch 10, worin: 

io (a) die Polypeptide von Population A jeweils ausgehend von einem Vektor (X) in rekombinanten Wirtsorga- 

nismuszellen als Fusion mit einer Komponente eines replizierbaren Gen-Freilegungspakets (RGDPs) expri- 
miert weden, wodurch das Polypeptid an der Oberflache der RGDPs in einer ersten RGDP-Population frei- 
gelegt wird; 

(b) Nukleinsaure von Vektor (X) unter Verwendung der RGDP-Komponente zu einem Paket zusammengefaBt 
75 werden kann, wodurch das genetische Material jedes RGDPs fur ein solches Polypeptid von Population A 

kodiert, so daB die Antikorper-Polypeptid-Dimere oder scFv-Fragmente von Population C in ihren jeweiligen 
RGDPs jeweils mit Nukleinsaure verbunden werden, die fur ein Polypeptid kodiert, das eine variable Domane 
einer ersten Polypeptidkette eines menschlichen Antikorpers umfaBt; 

(c) die Polypeptide von Population E jeweils ausgehend von einem Vektor (Y) in rekombinanten Wirtsorga- 
20 nismuszellen als Fusion mit einer Komponente eines RGDPs exprimiert werden, wodurch sie an der Oberfla- 
che von RGDPs in einer zweiten RGDP-Population f reigelegt werden; 

(d) Nukleinsaure des Vektors (Y) unter Verwendung der RGDP-Komponente zu einem Paket zusammengefaBt 
werden kann, wodurch das genetische Material jedes RGDPs in der zweiten RGDP-Population fur ein solches 
Polypeptid von Population E kodiert. 

25 

12. Verfahren nach Anspruch 10 oder 11, worin die Population A nicht ausgehend von demselben Vektor exprimiert 
wird wie Population B; und Population D nicht ausgehend von demselben Vektor exprimiert wird wie Population E. 

13. Verfahren nach Anspruch 10 oder 11, worin Population A ausgehend von demselben Vektor exprimiert wird wie 
30 Population B; und Population D ausgehend von demselben Vektor exprimiert wird wie Population E. 

14. Verfahren nach Anspruch 10 oder 11, worin Polypeptide der Population B heterozygot sind und jeweils eine kon- 
stante Domane eines menschlichen Antikorpers umfassen. 

35 15. Verfahren nach Anspruch 10 oder 11 , worin die Polypeptide von Population E jeweils einen Bereich eines fur das 
Antigen spezifischen nicht-menschlichen Antikorpers umfassen, wobei der Bereich einer ist, der Kontakt mit dem 
Antigen herstellt. 

16. Verfahren nach Anspruch 15, worin der Bereich ein Komplementaritat bestimmender Bereich (CDR) ist. 

40 

17. Verfahren nach Anspruch 16, worin der CDR CDR3 ist. 

18. Verfahren nach einem der Anspruche 10 bis 17, worin die erste Polypeptidkette eine Antikdrper-Leichtkette und 
die zweite Polypeptidkette eine Antikorper-Schwerkette ist. 

45 

19. Verfahren zur Herstellung von menschlichen Antikorper-Polypeptid-Dimeren oder scFv-Fragmenten, die fur ein 
Antigen von Interesse spezifisch sind, umfassend: 

i) das Kombinieren einer vieltaltigen Population (Population A) von Polypeptiden, die jeweils eine variable 
so Domane einer ersten Polypeptidkette eines menschlichen Antikorpers umfassen, mit einer einzigartigen oder 

eingeschrankten Population (Population B) von Polypeptiden, die jeweils eine variable Domane einer zweiten 
Polypeptidkette eines nicht-menschlichen Antikorpers umfassen, der fur das Antigen spezifisch ist, wodurch 
eine Sammlung von Antikorper-Polypeptiden-Dimeren oder ScFv-Fragmenten gebildet wird, die jeweils aus 
einem Polypeptid, das eine variable Domane einer ersten Polypeptidkette eines menschlichen Antikorpers 
55 umfaBt, und einem Polypeptid, das eine variable Domane einer zweiten Polypeptidkette eines nicht-mensch- 

lichen Antikorpers umfaBt, bestehen; 

(ii) das Selektieren einer einzigartigen oder eingeschrankten Population (Population C) der Antikorper-Poly- 
peptid-Dimere oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen aufweisen, aus der Sammlung; 
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(iii) das Kombinieren einer einzigartigen Oder eingeschrankten Population (Population H) von Polypeptiden, 
die jeweils eine variable Domane einer ersten Polypeptidkette eines nicht-menschlichen Antikorpers umfas- 
sen, der fur das Antigen spezifisch ist, mit einer vielfaltigen Population (Population I) von Polypeptiden, die 
jeweils eine variable Domane einer zweiten Polypeptidkette eines menschlichen Antikorpers umfassen, wo- 
s durch eine zweite Sammlung von Antikdrper-Polypeptid-Dimeren oder scFv-Fragmenten gebildet wird, die 

jeweils aus einem Polypeptid, das eine variable Domane einer ersten Polypeptidkette eines nicht-menschli- 
chen Antikorpers umfaGt, und einem Polypeptid, das eine variable Domane einer zweiten Polypeptidkette 
eines menschlichen Antikorpers umfaBt, bestehen; 

iv) das Selektieren einer einzigartigen oder eingeschrankten Population (Population J) der Antikorper-Poly- 
10 peptid-Dimere oder scFv-Fragmente, die Bindungsspezifitat fur das Antigen aufweisen; 

v) das Kombinieren einer einzigartigen oder eingeschrankten Population (Population K) von Polypeptiden, die 
von in Schritt (ii) selektierten Polypeptid-Dimeren oder scFv-Fragmenten herruhren, die jeweils eine mensch- 
liche erste Polypeptidkette umfassen, mit einer einzigartigen oder eingeschrankten Population (Population L) 
von Polypeptiden, die von in Schritt (iv) selektierten Polypeptid-Dimeren oder scFv-Fragmenten herruhren, 

15 die jeweils eine menschliche zweite Polypeptidkette umfassen, wodurch eine Sammlung von menschlichen 

Antikdrper-Polypeptidketten-Dimeren oder scFv-Fragmenten gebildet wird, aus denen eine einzigartige oder 
eingeschrankte Population (Population F) von menschlichen Polypeptid-Dimeren oder scFv-Fragmenten se- 
lektierbar ist, die fur das Antigen spezifisch sind. 

20 20. Verfahren nach Anspruch 19, worin: 

(a) die Polypeptide von Population A jeweils ausgehend von einem Vektor (X) in rekombinanten Wirtsorga- 
nismuszelien als Fusion mit einer Komponente eines replizierbaren Gen-Freilegungspakets (RGDP) expri- 
miert werden, wodurch das Polypeptid an der Oberflache der RGDPs in einer ersten RGDP-Population frei- 

25 gelegt wird; 

(b) Nukleinsaure von Vektor (X) unter Verwendung der RGDP-Komponente zu einem Paket zusammengefaGt 
werden kann, wodurch das genetische Material jedes RGDPs fOr ein solches Polypeptid von Population A 
kodiert, so daG die Antikdrper-Polypeptid-Dimere oder scFv-Fragmente von Population C in ihren jeweiligen 
RGDPs jeweils mit Nukleinsaure verbunden werden, die fur ein Polypeptid kodiert, das eine variable Domane 

30 einer ersten Polypeptidkette eines menschlichen Antikorpers umfaGt; 

(c) die Polypeptide von Population I jeweils ausgehend von einem Vektor (Z) in rekombinanten Wirtsorganis- 
muszellen als Fusion mit einer Komponente eines RGDPs exprimiert werden, wodurch sie an der Oberflache 
von RGDPs in einer zweiten RGDP-Population freigelegt werden; 

(d) Nukleinsaure des Vektors (Z) unter Verwendung der RGDP-Komponente zu einem Paket zusammengefaBt 
35 werden kann, wodurch das genetische Materia! jedes RGDPs in der zweiten RGDP-Population fur ein solches 

Polypeptid von Population I kodiert. 

21. Verfahren nach Anspruch 19 oder 20, worin die Population A nicht ausgehend von demselben Vektor exprimiert 
wird wie Population B; und Population H nicht ausgehend von demselben Vektor exprimiert wird wie Population I. 

40 

22. Verfahren nach Anspruch 19 oder 20, worin Population A ausgehend von demselben Vektor exprimiert wird wie 
Population B; und Population H ausgehend von demselben Vektor exprimiert wird wie Population I. 

23. Verfahren nach Anspruch 19 oder 20, worin Polypeptide jeder der Populationen B und H heterozygot sind, und 
45 jeweils eine konstante Domane eines menschlichen Antikorpers umfassen. 

24. Verfahren nach Anspruch 19 oder 20, worin die Polypeptide von Population I jeweils einen Bereich eines nicht- 
menschlichen Antikorpers umfassen, der fur das Antigen spezifisch ist, wobei der Bereich einer ist, der Kontakt 
mit dem Antigen herstellt. 

50 

25. Verfahren nach Anspruch 24, worin der Bereich ein Komplementaritat bestimmender Bereich (CDR) ist. 

26. Verfahren nach Anspruch 25, worin der CDR CDR3 ist. 

55 27. Verfahren nach einem der Anspruche 1 9 bis 26, worin die erste Polypeptidkette eine Antikdrper-Leichtkette ist und 
die zweite Polypeptidkette eine Antikorper-Schwerkette ist. 

28. Verfahren nach einem der Anspruche 10 bis 27, umfassend einen zusatzlichen Schritt des Selektierens der Po- 
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pulation F von menschlichen Antikorper-Polypeptid-Dimeren Oder scFv-Fragmenten, die fur das Antigen spezifisch 
sind. 

29. Verfahren nach einem der Anspruche 1 0 bis 28, worin jede der Populationen C und F durch Bindung an das Antigen 
s selektiert wird. 

30. Verfahren nach einem der Anspruche 1 9 bis 29, worin Population I durch Bindung an das Antigen selektiert wird. 

31. Verfahren nach einem der vorangegangenen Anspruche, worin jedes Antikorper-Polypeptid-Dimer jeder Samm- 
10 lung von Antikorper-Polypeptid-Dimeren als Fv- oder Fab-Fragment exprimiert wird. 

32. Verfahren nach einem der Anspruche 1 bis 9, worin Nukleinsaure, die fur ein selektiertes Antikorper-Polypeptid- 
Dimer Oder scFv-Fragment kodiert, oder eine Teilkomponente eines zugehdrigen RGDPs dazu verwendet wird, 
das Antikorper-Polypeptid-Dimer oder scFv-Fragment, fur das kodiert wird, oder eine solche Teilkomponente zu 

is exprimieren, oder durch Addition, Deletion, Substitution oder Insertion von Aminosauren oder Bindung an ein 

anderes Molekul modifiziert und dazu verwendet wird, ein Derivat des Antikorper-Polypeptid-Dimers oder scFv- 
Fragments, fur das kodiert wird, oder eine solche Teilkomponente zu exprimieren. 

33. Verfahren nach Anspruch 32, worin das exprimierte Antikorper-Polypeptid-Dimer oder scFv-Fragment oder Derivat 
20 davon zur Herstellung eines Medikaments verwendet wird. 

34. Verfahren nach Anspruch 28, worin ein menschliches Antikorper-Polypeptid-Dimer oder scFv-Fragment, das fur 
das aus der Population F selektierte Antigen spezifisch ist, zur Herstellung eines Medikaments verwendet wird. 

25 

Revendlcatlons 

1 . M6thode de production de dimeres polypeptides d'anticorps ou de fragments scFv specifiques d'un antigene d'in- 
t6ret ayant les Stapes suivantes : 

30 

(i) prSvoir des vecteurs d'expression d'acide nucleique qui sont capables d'Stre compacts en utilisant un 
composant d'un compactage de presentation geYietique replicable (rgdp); 

(ii) combiner (a) un repertoire g6n6tiquement divers de sequences d'acides nucleMques dont chacune code 
pour une premiere partie composante d'un site de liaison d'antigene d'un anticorps humain avec (b) un acide 

35 nucleique qui code pour une population unique ou g6netiquement diverse d'une seconde partie composante 

d'un site de liaison d'anticorps d'un anticorps non humain connu comme liant ledit antigene d'interet, pour 
former une banque de sequences d'acides nuclSiques sur lesdits vecteurs d'expression codant pour les di- 
meres de polypeptides d'anticorps de fragments scFv, lesquels dimeres ou fragments ScFv consistent chacun 
en un premier composant de chaTne polypeptidique et un second composant de chaine polypeptidique, une 

^0 premiere partie composante de site de liaison d'antigene et une seconde partie composante de site de liaison 

d'antigene formant en combinaison un site de liaison d'antigene d'un dimere polypeptide d'anticorps ou d'un 
fragment scFv ; 

(iii) exprimer ladite banque desdits vecteurs dans des cellules d'organismes hotes recombinants chacun des- 
dits premiers composants de chaTne polypeptidique etant exprime en tant que fusion avec un composant d'in 

45 rgdp qui pr6sente ainsi ledit premier composant de chaTne polypeptidique a la surface des rgdp ; 

(iv) sdlectionner de ladite banque exprim6e par liaison avec Pantigene d'une population unique ou restreinte 
desdits dimeres polypeptidique d'anticorps ou fragments scFv qui ont une sp^cificite de liaison pour ledit 
antigene d'interSt chaque dimere polypeptidique d'anticorps s6lectionn6 ou fragment scFv 6tant associe\ dans 
son rgdp respectif , avec un acide nucleique codant pour une premiere partie composante de son site de liaison 

50 d'antigene. 

2. M6thode selon la revendication 1 ou lesdits dimeres polypeptides d'anticorps ou fragments scFv sont exprim6s 
en tant que polypeptides solubles apres selection dans T6tape (iv). 

55 3. M6thode selon la revendication 1 ou la revendication 2 ou la sequence codant pour chaque seconde partie com- 
posante de I'anticorps non humain est g6n6tiquement modifi6e pour augmenter son homologie avec une seconde 
partie composante d'un anticorps humain avant ladite combinaison a I'Stape (ii). 
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4. Melhode selon Tune quelconque des revendications prececientes ayant une 6tape additionnelle (v) ou les dimeres 
polypeptides d'anticorps ou fragments scFv selectionnes a I'Stape (iv) sont genetiquement modifies pour Sliminer 
ou reduire les caracteristiques non humaines. 

5. Melhode selon la revendication 4 ou I'etape (v) consists a : 

(a) combiner une population unique ou restreinte d'acide nucleique codant pour les premieres parties com- 
posantes de site de liaison d'antigene selectionnees a I'etape (iv) avec un repertoire genetiquement divers de 
sequences d'acides nucleiques dont chacune code pour une seconde partie composante d'un site de liaison 
d'antigene d'un anticorps humain, pour former une seconde banque de sequences d'acides nucleiques codant 
pour les dimeres polypeptides d'anticorps ou les fragments scFv, chaque dimere polypeptide d'anticorps ou 
fragment ScFv comprenant un second composant de chains polypeptidique d'anticorps qui est exprime par 
I'acide nucleique qui est capable d'etre compacte en utilisant un composant d'un rgdp, ledit second composant 
de chaine 6tant exprime en tant que fusion avec un composant d'un rgdp qui ainsi le prSsente a la surface 
des rgdp de facon que les dimeres polypeptides d'anticorps ou fragments scFv specif iques dudit antigen e 
d'interet, puissent Stre selectionnes de ladite seconde banque par liaison avec ledit antigene d'interet, chaque 
dimere polypeptide d'anticorps ou fragment scFv etant associe dans son rgdp a i'acide nucleique codant pour 
son second composant polypeptide. 

6. M6thode selon la revendication 4, ou I'etape (v) consists a : 

a) prevoir des vecteurs d'expression d'acide nucleique qui sont capables d'etre compactes en utilisant un 
composant d'un compactage de presentation genetique replicable (rgdp); 

b) combiner I'acide nucleique qui code pour une population unique ou genetiquement diverse d'une premiere 
partie composante d'un site de liaison d'antigene d'un anticorps non humain connu comme liant ledit antigene 
d'interet avec un repertoire genetiquement divers de sequences d'acides nucleiques dont chacune code pour 
une seconde partie composante d'un site de liaison d'antigene d'un anticorps humain, pour former une seconde 
banque de sequences d'acides nucleiques sur lesdits vecteurs d'expression codant pour les dimeres poly- 
peptides d'anticorps ou les fragments scFv, lesquels dimeres ou fragments scFv consistent chacun en un 
premier composant de chaine polypeptidique et un second composant de chaine polypeptidique, une premiere 
partie composante de site de liaison d'antigene et une seconde partie composante de site de liaison d'antigene 
formant en combinaison un site de liaison d'antigene d'un dimere polypeptide d'anticorps ou d'un fragment 
scFv ; 

c) exprimer ladite seconde banque a partir desdits vecteurs dans des cellules d'organismes hoptes recombi- 
nants, chacun desdits seconds composants de chaine polypeptidique etant exprime en tant que fusion avec 
un composant de rgdp qui ainsi pr^sente ledit composant de chaine polypeptidique a la surface des rgdp ; 

d) selectionner, de ladite seconde banque exprim6e par liaison avec un antigene, une population unique ou 
restreinte desdits dimeres polypeptides d'anticorps ou des fragments scFv qui ont une sp£cificite de liaison 
pour ledit antigene d'interet, chaque dimere polypeptide d'anticorps selectionne ou fragment scFv etant as- 
socie dans son rgdp respectif avec un acide nucleique codant pour une seconde partie composante de son 
site de liaison d'antigene ; 

e) combiner une population unique ou restreinte d'acide nucleique codant pour les premieres parties compo- 
santes de site de liaison d'antigene selectionnees a I'etape (iv) avec la population unique ou restreinte d'acide 
nucleique codant pour lesdites secondes parties composantes du site de liaison d'antigene selectionnees a 
I'etape (d) pour former une troisieme banque de sequences d'acides nucleiques codant pour des dimeres 
polypeptides d'anticorps ou des fragments de scFv, d'ou une population unique ou restreinte de dimeres po- 
lypeptides humains ou des fragments scFv specifiques dudit antigene peuvent §tre selectionnes. 

7. Methods selon Tune quelconque des revendications precedentes ou ladite seconde partie composante d'un site 
de liaison d'antigene d'un anticorps non humain est une region d'anticorps qui est en contact avec I'antigene. 

8. Melhode selon la revendication 7 ou ladite region est une region determinant la compl6mentarit6 (CDR). 

9. Methode selon I'une quelconque des revendications 1 a 6 ou ladite seconde partie composante d'un site de liaison 
d'antigene d'un anticorps non humain est un second composant de chaine polypeptidique d'un anticorps. 

10. Methode de production de dimeres polypeptides d'anticorps humains ou de fragments scFv sp6cifiques d'un an- 
tigene d'interet, comprenant 
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(i) la combinaison d'une population diverse de polypeptides dont chacun comprend un domaine variable d'une 
premiere chame polypeptidiqued'un anticorps humain (population A) avec une population unique ou restreinte 
de polypeptides, chacun comprenant un domaine variable d'une seconde chaine polypeptidique d'un anticorps 
non humain spScifique dudit antigene (population B), pour ainsir former une banque de dimeres polypeptides 

5 d'anticorps ou de fragments scFv chacune consistant en un polypeptide qui comprend un domaine variable 

d'une premiere chaine polypeptidique d'un anticorps humain et un polypeptide qui comprend un domaine 
variable d'une seconde chaine polypeptidique d'un anticorps non humain ; 

(ii) la selection, de ladite banque, d'une population unique ou restreinte desdits dimeres polypeptides d'anti- 
corps ou fragments scFv qui ont une specificity de liaison pour ledit antigene (population C) ; 

10 (iii) la combinaison d'une population unique ou restreinte de polypeptides derives des dimeres polypeptides 

ou des fragments scFv selectionnes a Petape (ii), chacun comprenant une premiere chaine polypeptidique 
humaine (population D) avec une population diverse de polypeptides, chacun comprenant un domaine variable 
d'une seconde chaine polypeptidique d'un anticorps humain (population E), pour ainsi former une banque de 
dimeres a chaine polypeptidique d'anticorps humain ou de fragments scFv d'ou une population unique ou 

15 restreinte de dimeres polypeptides d'anticorps humain ou des fragments scFv specifiques dudit antigene (po- 

pulation F) peuvent §tre s6lectionn6s. 

11. M6thode selon la revendication 10 ou : 

20 (a) chacun desdits polypeptides de la population A sont exprim6s a partir d'un vecteur (X) dans des cellules 

d'organisme hotes combinant en tant que fusion avec un composant d'un compactage de presentation gen6- 
tique replicable (rgdp) qui ainsi presente ledit polypeptide a la surface des rgdp dans une premiere population 
de rdgp ; 

(b) I'acide nucleique dudit vecteur (X) peut etre compacte en utilisant ledit composant de rgdp, ainsi le materiel 
2S genetique de chaque rgdp code pour un polypeptide de population A, done les dimeres polypeptides d'anti- 
corps ou les fragments scFv de la population C sont associes dans leur rgdp respectif avec un acide nucl6ique 
codant pour un polypeptide comprenant un domaine variable d'une premiere chaine polypeptidique d'un an- 
ticorps humain ; 

(c) chacun desdits polypeptides de la population E est exprimS par un vecteur (Y) dans des cellules d'orga- 
30 nisme hotes recombinants sous la forme d'une fusion avec un composant d'un rgdp qui ainsi le presente a la 

surface des rgdp dans une seconde population de rgdp ; et 

(d) I'acide nuc!6ique dudit vecteur (Y) peut dtre compacte en utilisant ledit composant de rgdp, ainsi le materiel 
g6n6tique de chaque rgdp dans la seconde population de rgdp code pour un polypeptide de la population E. 

3S 12. M6thode selon la revendication 10 ou la revendication 11 ou ladite population A n'est pas exprim6e par le mSme 
vecteur que ladite population B ; et ladite population D n'est pas exprimee par lememe vecteur que ladite population 
E. 

13. M6thode selon la revendication 10 ou la revendication 11 ou ladite population A est exprim6e par le m§me vecteur 
40 que ladite population B ; et ladite population D est exprimee par le meme vecteur que ladite population E. 

14. Methode selon la revendication 10 ou la revendication 11 ou des polypeptides de ladite population B sont chime- 
riques, chacun comprenant un domaine constant d'anticorps humain. 

45 15. M6thode selon la revendication 1 0 ou la revendication 11 ou les polypeptides de ladite population E comprennent 
chacun une region d'un anticorps non humain spScifique dudit antigene, laquelle region en est une qui est en 
contact avec I'antigene. 

16. M6thode selon la revendication 15 ou ladite region est une region determinant la complementary (CDR). 

so 

17. Methode selon la revendication 16 ou CDR est CDR3. 

18. Methode selon I'une quelconque des revendications 10 a 17 ou ladite premiere chaine polypeptidique est une 
chaine tegere d'anticorps, ladite seconde chaine polypeptidique 6tant une chaine lourde d'anticorps. 

55 

19. M6thode de production de dimeres de polypeptide d'anticorps humains ou de fragments scFv sp6cifiques d'un 
antigene d'interet, comprenant 
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i) la combinaison d'une population diverse de polypeptides, chacun comprenant un domaine variable d'une 
premiere chaTne polypeptidique d'un anticorps humain (population A) avec une population unique ou restreinte 
de polypeptides, chacun comprenant un domaine variable d'une seconde chaTne polypeptidique d'un anticorps 
non humain spScifique dudit antigene (population B), pour ainsi former une banque de dimeres polypeptides 
d'anticorps ou de fragments scFv, chacun consistant en un polypeptide qui comprend un domaine variable 
d'une premiere chaine polypeptidique d'un anticorps humain et un polypeptide qui comprend un domaine 
variable d'une seconde chaine polypeptidique d'un anticorps non humain ; 

ii) la selection, dans ladite banque, d'une population unique ou restreinte desdits dimeres polypeptides d'an- 
ticorps ou fragments scFv qui ont une sp^cificite de liaison pour ledit antigene (population C) ; 

iii) la combinaison d'une population unique ou restreinte de polypeptides, chacun comprenant un domaine 
variable d'une premiere chaine polypeptidique d'un anticorps non humain specifique dudit antigene (population 
H) avec une population diverse de polypeptides chacun comprenant un domaine variable d'une seconde chaT- 
ne polypeptidique d'un anticorps humain (population I), pour ainsi former une seconde banque de dimeres 
polypeptides d'anticorps ou de fragments scFv, chacun consistant en un polypeptide qui comprend un domaine 
variable d'une premiere chaine polypeptidique d'un anticorps non humain et un polypeptide qui comprend un 
domaine variable d'une seconde chaTne polypeptidique d'un anticorps humain ; 

iv) la selection de ladite seconde banque, d'une population unique ou restreinte desdits dimeres polypeptides 
d'anticorps ou fragments scFv qui ont une sp6cificit6 de liaison pour ledit antigene (population J) 

v) la combinaison d'une population unique ou restreinte de polypeptides derives des dimeres polypeptides ou 
des fragments scFv s6lectionn6s a l'6tape (ii), chacun comprenant une premiere chaTne polypeptidique hu- 
maine (population K) avec une population unique ou restreinte de polypeptides d6riv6s de dimeres polypep- 
tides ou de fragments scFv selectionnes a I'etape (iv), chacun comprenant une seconde chaTne polypeptidique 
humain (population L), pour ainsi former une banque de dimeres de chaTnes polypeptidiques d'anticorps hu- 
main ou de fragments scFv d'ou une population unique ou restreinte de dimeres polypeptides humains ou de 
fragments scFv specifiques dudit antigene (population F) peuvent Stre selectionnes. 

Methode selon la revendication 1 9 ou : 

(a) lesdits polypeptides de la population A sont exprimSs par un vecteur (X) dans des cellules d'organismes 
notes recombinants en tant que fusion avec un composant d'un compactage pour presentation gen6tique 
rSplicable (rgdp) qui ainsi pr^sente ledit polypeptide a la surface des rgdp dans une premiere population de 

(b) I'acide nucl6ique dudit vecteur (X) est capable d'etre compacts en utilisant ledit composant de rgdp, ainsi 
le materiel genetique de chaque rgdp code pour un polypeptide de la population A, done les dimeres poly- 
peptides d'anticorps ou fragments de scFv de la population C sont associ6s dans leur rgdp respectif avec 
I'acide nucleique codant pour un polypeptide comprenant un domaine variable d'une premiere chaTne poly- 
peptidique d'un anticorps humain ; 

(c) chacun desdits polypeptides de la population I est exprimS par un vecteur (2) dans des cellules d'organis- 
mes hStes recombinants en tant que fusion avec un composant de rdgp qui ainsi le pr6sente a la surface des 
rgdp dans une seconde population de rgdp ; et 

(d) I'acide nucleique dudit vecteur (Z) est capable d'etre compacte en utilisant ledit composant de rdgp, ainsi 
le materiel gen6tique de chaque rgdp dans la seconde population de rgdp code pour un polypeptide de la 
population L 

Methode selon la revendication 1 9 ou la revendication 20, ou ladite population A n'est pas exprimde par le meme 
vecteur que ladite population B ; et ladite population H n'est pas exprimSe par le meme vecteur que ladite population 

I. 

Methode selon la revendication 1 9 ou la revendication 20 ou ladite population A est exprimee par le meme vecteur 
que ladite population B et ladite population H est exprimee par le meme vecteur que ladite population I. 

M6thode selon la revendication 19 ou la revendication 20 ou des polypeptides de Tune des populations B et H 
sont chimdriques, chacun comprenant un domaine constant d'anticorps humain. 

MSthode selon la revendication 19 ou la revendication 20 ou les polypeptides de ladite population I comprennent 
chacun une r6gion d'un anticorps non humain sp6cifique dudit antigene, laquelle r6gion est celle qui fait le contact 
avec Pantigene. 
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25. M6thode selon la revendication 24 ou ladite region est une region determinant la complementarity (CDR). 

26. M6thode selon la revendication 25 ou ladite CDR est CDR3. 

5 27. Methode selon Tune quelconque des revendications 1 9 a 26 ou ladite premiere chaine polypeptidique est la chaine 
legere de I'anticorps et ladite seconde chatne polypeptidique 6tant la chaine lourde de I'anticorps. 

28. Methode selon Tune quelconque des revendications 10 a 27 comprenant une etape additionnelle de selection de 
ladite population F de dimeres polypeptides d'anticorps humains ou de fragments scFv specifique dudit antigene. 

10 

29. Methode selon Tune quelconque des revendications 10 a 28 ou Tune desdites populations C et F est selectionnee 
par liaison avec ledit antigene. 

30. Methode selon Tune des revendications 1 9 a 30 ou la population I est seiectionnee par liaison avec ledit antigene. 

is 

31. Methode selon Tune quelconque des revendications pr6c6dentes ou chaque dimere polypeptides d'anticorps de 
Tune desdites banques de dimeres polypeptides d'anticorps est exprime en tant que fragment Fv ou Fab. 

32. Methode selon Tune quelconque des revendications 1 a 9 ou Pacide nucleique codant pour un dimere polypeptide 
20 d'anticorps s6lectionn6 ou fragment scFv ou une partie composante d'un rdgp associe est utilise pour exprimer le 

dimere polypeptide d'anticorps code" ou fragment de scFv ou une partie composante ou est modifie et utilise pour 
exprimer un derive du dimere polypeptide d'anticorps code ou fragment de scFv ou une partie composante par 
addition, deletion, substitution ou insertion d'acides amines ou enchainement d'une autre molecule. 

25 33. Methode selon la revendication 32 ou le dimere polypeptide d'anticorps exprime ou fragment scFv ou son derive 
est utilise pour preparer un medicament. 

34. Methode selon la revendication 28 ou un dimere polypeptide d'anticorps humain ou fragment scFv specifique dudit 
antigene seiectionne dans ladite population F est utilise pour preparer un medicament. 
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Fig. 2. 
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Phage ELISA on TNF or 301 -peptide 
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Fig. 7. 



Competition between 
Fab-Mab32 and scFv fragments 
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FigMl 

The polycombinatorial/ CDR-grafting system 
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Fig.d(ii). 



Combining CDR-grafted heavy chains with 
selected light chains 
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Fig. 9. 

Humanizing rodent antibodies using combinatorial 
phage display libraries and CDR-grafting 
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Fig. 74. 



VH segments 
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